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A. INTRODUCTORY 


| haprrennints is to-day the central problem of biology. This prob- 

lem may be approached from many sides—that of the observer, 
the statistician, the practical breeder, the experimenter, the embryolo- 
gist, the cytologist—but these different aspects of the subject may be 
reduced to three general methods of study, (1) the observational and 
statistical, (2) the experimental, (3) the cytological and embryological. 
Before taking up these different aspects of heredity it is important that 
we should have clear definitions of the terms employed and a fairly 
accurate conception of the processes involved. 


1. Definitions 

Heredity originally meant heirship, or the transmission of property 
from parents to children, and in the field of biology it has been defined 
erroneously as “the transmission of qualities or characteristics, mental 
or physical, from parents to offspring” (Century Dictionary). The 
colloquial meaning of the word has led to much confusion in biology, 
for it carries with it the idea of the transmission from one generation 
to the next of ownership in property. A son may inherit a house from 
his father and a farm from his mother, the house and farm remaining 
the same though the ownership has passed from parents to son. And 
when it is said that a son inherits his stature from his father and his 
complexion from his mother, the stature and complexion are usually 
thought of only in their developed condition, while the great fact of 
development is temporarily forgotten. Of course there are no “qual- 
ities” or “characteristics” which are “transmitted” as such from one 
generation to the next. Such terms are not without fault when used 


1 Second of the Norman W. Harris Lectures for 1914 at Northwestern Uni- 
versity on ‘‘ Heredity and Environment in the Development of Men,’’ to be pub- 
lished by the Princeton University Press. 


VOL. LXxxv.—8. 








106 THE POPULAR SCIENCE MONTHLY 





merely as figures of speech, but when interpreted literally, as they 
frequently are, they are altogether misleading; they are the result of 
reasoning about names rather than facts, of getting far from phenomena 
and philosophizing about them. The comparison of heredity to the 
transmission of property from parents to children has produced con- 
fusion in the scientific as well as in the popular mind. It is only neces- 
sary to recall the most elementary facts about development to recognize 
that in a literal sense parental characteristics are never transmitted 
to children. 
2. The Transmission Hypothesis 


And yet the idea that the characteristics of adult persons are trans- 
mitted from one generation to the next is a very ancient one and was 
universally held until the most recent times. Before the details of 
development were known it was natural to suppose, as Hippocrates did, 
that white-flowered plants gave rise to white-flowered seeds and that 
blue-eyed parents produced blue-eyed germs, without attempting to 
define what was meant by white-flowered seed or blue-eyed germs. And 
even after the facts of development were fairly well known it was 
generally held that the germ cells were produced by the adult animal or 
plant and that the characteristics of the adult were in some way carried 
over to the germ cells; but the manner in which this supposed trans- 
mission took place remained undefined until Darwin attempted to 
explain it by his “provisional hypothesis of pangenesis.” Darwin 
assumed that minute particles or “gemmules” were given off by every 
cell of the body, at every stage of development, and that these gemmules 
then collected in the germ cells which thus became storehouses of little 
germs from all parts of the body. Afterwards, in the development of 
these germ cells, the gemmules, or little germs, developed into cells and 
organs similar to those from which they came. 


3. Germinal Continuity and Somatic Discontinuity 


Many ingenious hypotheses have been devised to explain things 
which are not true, and this is one of them. The doctrine that adult 
organisms manufacture germ cells and transmit their characters to 
them is known to be erroneous. Neither germ cells nor any other kind 
of cells are formed by the body as a whole, but every cell in the body 
comes from a preceding cell by a process of division, and germ cells are 
formed, not by contributions from all parts of the body, but by division 
of preceding cells which are derived ultimately from the fertilized egg 
(Fig. 23). The hen does not produce the egg, but the egg produces 
the hen and also other eggs. Individual traits are not transmitted from 
the hen to the egg, but they develop out of germinal factors which are 
carried along from cell to cell, and thus from generation to generation. 

There is a continuity of germinal substance, and usually of germi- 
_ nal cells, from one generation to the next. In some animals the germ 
cells are set apart at a very early stage of development, sometimes in 
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the early cleavage stages of the egg. In other cases the germ cells are 
first recognizable at later stages, but in practically every case they arise 
from germinal or embryonic cells which have not differentiated into 
somatic tissues. Germinal continuity and somatic discontinuity of suc- 
cessive generations in sexually produced organisms is not a theory but 
an established fact. In general, germ cells do not come from differen- 
tiated somatic cells, but only from undifferentiated germinal celis, and 
if in a few cases differentiated cells may reverse the process of develop- 
ment and become embryonic cells and even germ cells it does not destroy 
this principle of germinal continuity and somatic discontinuity. 

Thus the problem which faces the student of heredity and develop- 
ment has been cut in two; he no longer inquires how the body produces 
the germ cells, for this does not happen, but merely how the latter pro- 
duce the body and other germ cells. The germ is the undeveloped 
organism which forms the bond between successive generations; the 
person is the developed organism which arises from the germ under 
the influence of environmental conditions. The person develops and 
dies in each generation; the germ plasm is the continuous stream of 
living substance which connects all generations. The person nourishes 
and protects the germ, and in this sense the person is merely the carrier 
of the germ plasm, the mortal trustee of an immortal substance. 

This contrast of the germ and the person, of the undeveloped and 
the developed organism, is fundamental in all modern work on heredity. 
It was especially emphasized by Weismann in his germ plasm theory 
and recently it has been given prominence by Johannsen under the 
terms genotype and phenotype; the genotype is the fundamental hered- 
itary constitution of an organism—it is the germinal type; the pheno- 
type is the developed organism with all of its visible characters—it is 
the somatic type. 

But important as this distinction is between germ and soma it has 


sometimes been over-emphasized. This is one of the chief faults of. 


Weismann’s theory. The germ and the soma are generically alike, but 
specifically different. Both germ cells and somatic cells have come 
from the same oosperm, but have differentiated in different ways; the 
tissue cells have lost certain things which the germ cells retain and have 
developed other things which remain undeveloped in the germ cells. 
But the germ cells do not remain undifferentiated ; both egg and sperm 
are differentiated, the former for receiving the sperm and for the 
nourishment of the embryo, the latter for locomotion and for penetra- 
tion into the egg. But while the differentiations of tissue cells are 
usually irreversible, so that they do not again become germinal cells, the 
differentiations of the sex cells are reversible, so that these cells, after 
their union, again become germinal cells. 

In many theories of heredity it is assumed that there is a specific 
“inheritance material,” distinct from the general protoplasm whose 
function is the “transmission ” of hereditary properties from generation 
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to generation, and whose characteristics, as compared with the general 
protoplasm, are great stability, independence and continuity. This is 
the idioplasm of Niageli, the germ-plasm of Weismann. But there is no 
reason to suppose that “germ-plasm” is anything other than germinal 
protoplasm, which is found in all cells in early stages of development 
but which becomes limited in quantity or altered in quality in tissue 
cells. A “germ-plasm” which is absolutely distinct from and inde- 
pendent of the general protoplasm is a mere fiction which finds no 
justification in reality. 


4. The Units of Living Matter 


The entire cell, nucleus and cytoplasm, is the ultimate unit of 
living matter which is capable of independent existence. Neither the 
nucleus nor the cytoplasm can for long live independently of each 
other, but the entire cell can perform all the fundamental vital proc- 
esses. It transforms food into its own living material, it grows and 
divides, it is capable of responding to many kinds of stimuli. But 
while the parts of a cell are not capable of independent existence they 
may perform certain of these vital processes. 

Not only is the cell as a whole capable of assimilation, growth and 
division, but every living part of the cell has this power. The nucleus 
builds foreign substances into its own substance, and after it has grown 
to a certain size it divides into two; the cytoplasm does the same, and 
this process of assimilation, growth and division occurs in many parts 
of the nucleus and cytoplasm, such as the chromosomes, chromomeres, 
centrosomes, plastosomes, etc. In all cases cells come from cells, nuclei 
from nuclei, chromosomes from chromosomes, centrosomes from centro- 
somes, and probably plastosomes from plastosomes, etc. 

Indeed, the manner in which all living matter grows indicates that 
every minute particle of protoplasm has this power of taking in food 
substance and of dividing into two particles when it has grown to 
maximum size. Presumably this power of assimilation, growth and 
division is possessed by particles of protoplasm which are invisible with 
the highest powers of our microscopes, though it is probable that these 
particles are much larger than the largest molecules known to chemis- 
try. The smallest particle which can be.seen with the most powerful 
microscope in ordinary light is about 250 yp (millionths of a milli- 
meter) in diameter. The largest molecules are probably about 10 py 
in diameter. Between these invisible molecules and the just visible par- 
ticles of protoplasm there may be other units of organization. These 
hypothetical particles of protoplasm have been supposed by many 
authors to be the ultimate units of assimilation, growth and division. 
In so far as these units are supposed to be different in different species, 
or with respect to different hereditary characters, they are known also 
as inheritance units. 

It is assumed in practically all theories of heredity that the “ inher- 
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itance material,” or more correctly the germinal protoplasm, is composed 
of ultra-microscopical units which have the power of individual growth 
and division and which are capable of undergoing many combinations 
and dissociations during the course of development, by which combina- 
tions and dissociations they are transformed into the structures of the 
adult. Various names have been given to such units by different 
authors; they are the physiological units of Herbert Spencer, the 
gemmules of Darwin, the plastidules of Elsberg and Haeckel, the 
pangenes of de Vries, the plasomes of Wiesner, the idioblasts of Hert- 
wig, the biophores and determinants of Weismann. 

With the publication of Weismann’s work on the germ-plasm in 
1892 speculation with regard to these ultra-microscopic units of life 
and of heredity reached a climax and began to decline, owing to the 
highly speculative character of the evidence as to the existence, nature 
and activities of such units. But with the rediscovery of Mendel’s 
principles of heredity the necessity of assuming the existence of inher- 
itance units of some kind once more became evident, and, without 
attempting to define what such units are or how they behave modern 
students of heredity invariably accept their existence. They are now 
called determiners or factors or genes, and are usually thought of as 
elements or units of the germ cells which condition the characters of 
the developed organism, and which are in a measure independent of one 
another ; though of course neither they nor any other parts of a cell are 
really independent in the sense that they can exist apart from one 
another. They are to be thought of as we think of certain chemical rad- 
icals which exist only in combination with other chemical elements in 
the form of molecules, and yet may preserve their identity in many dif- 
ferent combinations. 

If there are inheritance units, such as determiners or genes, as prac- 
tically all students of heredity maintain, they must be contained in the 
germ cells, and it becomes one of the fundamental problems of biology 
to find out where and what these units are. But whether we assume 
the existence of these units or not we know that the germ cells are 
exceedingly complex, that they contain many visible units such as 
chromosomes, chromomeres, plastosomes and microsomes, and that with 
every great improvement in the microscope and in microscopical tech- 
nique other structures are made visible which were invisible before, and 
whether the particular hypothetical units just named are present or 
not seems to be a matter of no great importance, seeing that, so far as 
the analysis of the microscope is able to go, there are in all protoplasm 
differentiated units which are combined into a system—in short, there 
is organization. 

5. Heredity and Development 

The germ cells are individual entities and after the fertilization of 
the egg the new individual thus formed remains distinct from every 
other individual. Furthermore, from ita earliest to its latest stage of 
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development it is one and the same organism; the egg is not one being 
and the embryo another and the adult a third, but the egg of a human 
being is a human ‘being in the one-celled stage of development, and the 
characteristics of the adult develop out of the egg and are not in some 
mysterious way grafted upon it or transmitted to it. 

Parents do not transmit their characters, but their germ cells, to 
their offspring, which germ cells in the course of long development give 
rise to adult characters similar to those of the parents. The thing 
which persists more or less completely from generation to generation is 
the organization of the germ cells which differentiate in similar ways 
in successive generations if the extrinsic factors of development remain 
similar. 

In short, heredity may be defined as the particular germinal organi- 
zation which is transmitted from one generation to the neat: inheritance 
or heritage is the sum of all those qualities which are determined or 
caused by this germinal organization. Development is progressive and 
coordinated differentiation of this germinal organization, by which tt is 
transformed into the adult organization. Differentiation is the forma- 
tion and localization of many different kinds of substances out of the 
germinal substances, of many different structures and functions out of 
the relatively simple structures and functions of the oosperm. 

This germinal organization influences not merely adult characters, 
but also the character of every stage from the egg to the adult condition. 
For every inherited character, whether embryonic or adult, there is 
some germinal basis. We receive from our parents germ cells of a 
particular kind and constitution and under given conditions of environ- 
ment these cells undergo regular transformations and differentiations 
in the course of development which differentiations lead to particular 
adult characteristics. In the last analysis the causes of heredity and 
development are problems of cell structures and functions—problems of 
the formation of particular kinds of germ cells, of the fusion of these 
cells in fertilization, and of the subsequent formation of the various 
types of somatic cells from the fertilized egg cell. 


B. THE Germ CELLS 


Observations and experiments on developed animals and plants have 
furnished us with a knowledge of the finished products of inheritance, 
but the actual stages and causes of inheritance, the real mechanisms of 
heredity, are to be found only in a study of the germ cells and of their 
development. Although many phenomena of inheritance have been dis- 
covered in the absence of any definite knowledge of the mechanism of 
heredity, a scientific explanation of these phenomena must wait upon 
the knowledge of their causes. In the absence of such knowledge it 
has been necessary to formulate theories of heredity to account for the 
facts, but these theories are only temporary scaffolding to bridge the 
gaps in our knowledge, and if we knew all that could be known about 
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the germ cells and their development we should have little need of 
theories. In the first lecture we looked at the germ cells and their 
development from the outside, as it were; let us now look inside these 
cells and study their minuter structures and functions. 

Only a beginning has been made in this minute study of the germ 
cells and of their transformation into the developed animal, and it 
seems probable that it may engage the attention of many future 
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Fig. 22. Dracram SHOWING 
THB “CELL LINBAGE” OF THE 
Bopy CELLS AND GERM CELLS 
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the ova on the right. 


generations of biologists, but nevertheless we have come far since that 
day, only about thirty-five years ago, when Oscar Hertwig first saw the 
approach and union of the egg and sperm nuclei within the fertilized 
egg. Indeed so rapid has been the advance of knowledge in this field 
that many of the pioneers in this work are still active in research. 


1. Fertilization 
The development of the individual may be said to begin with the 
fertilization of the egg, though it is evident that both egg and sperm 
must have had a more remote beginning, and that they also have under- 
gone a process of development by which their peculiar characteristics of 
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structure and function have arisen—a subject to which we shall return 
later. But the developmental processes which lead to the formation of 
fully developed ova and spermatozoa come to a full stop before fertili- 
zation and they do not usually begin again until a spermatozoon has 
entered an ovum, or until the latter has been stimulated by some other 
outside means. In some animals and plants eggs may develop regularly 
without fertilization, the stimulus to development being supplied by 





Fic. 23. DIAGRAMS OF THE MATURATION AND FERTILIZATION OF THE HGG OF A 
MOLLUSK (Crepidula). A, B. First maturation division (1st Mat. Sp.) ©. Second 
maturation division (2@ Mat. Sp.) and first polar body (1st PB) resulting from first 
division. dN, sperm nucleus, {0, sperm centrosome. D. Approach of sperm nucleus 
(gN) and sperm (8) to egg nucleus (QN) and sphere (98) ; the second polar body 
(2dPB) has been formed and the forest has divided (1st PB). EH. Meeting of egg and 
sperm nuclei and origin of cleavage centrosomes. F. First cleavage of egg showing 
direction of currents in the cell, 
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certain external or internal conditions; in other cases, as Loeb dis- 
covered, eggs which would never develop if left to themselves may be 
experimentally stimulated by physical or chemical changes in the envi- 
ronment, so that they undergo regular development. The development 
of an egg without previous fertilization is known as parthenogenesis or 
virgin reproduction ; if it occurs in nature it is natural parthenogenesis, 
if in experiments it is artificial parthenogenesis. Natural partheno- 
genesis is relatively rare and in the vast majority of animals and 
plants the egg does not begin to develop until a spermatozoon has 
entered it. 

But the spermatozoon not only stimulates the egg to develop, as en- 
vironmental conditions may also do, but it carries into the egg living 
substances which are of great significance in heredity. Usually only the 
head of the spermatozoon enters the egg (Figs. 4-7) and this consists 
almost entirely of nuclear material which has a strong chemical affinity 
for certain dyes, and hence is called chromatim (Figs. 23 A and B); 
when the egg has matured and is ready to be fertilized its nucleus also 
consists of a small mass of chromatin (Fig. 23 C). Both of these con- 
densed chromatic nuclei then grow in size and become less chromatic 
by absorbing from the egg a substance which is not easily stained by 
dyes and hence is called achromatin (Fig. 23 D and F). The chromatin 
then becomes scattered through each nucleus in the form of granules 
or threads which are embedded in the achromatin; this is the condition 
of a typical “resting” nucleus. The spermatozoon also brings into the 
egg a centrosome, or division center, around which an aster appears 
consisting of radiating lines in the protoplasm of the egg (Fig 23 B). 

The- moment that the spermatozoon touches the surface of the egg 
the latter throws out at the point touched a prominence, or reception 
cone (Fig. 4), and as soon as the head of the sperm has entered this 
cone some of the superficial protoplasm of the egg flows to this point 
and then turns into the interior of the egg in a kind of vortex cur- 
rent. Probably as a result of this current the sperm nucleus and centro- 
some are carried deeper into the egg and finally are brought near to the 
egg nucleus (Fig. 23 D and #). In the movements of egg and sperm 
nuclei toward each other it is evident that they are passively carried 
about by currents in the cytoplasm; the entrance of the sperm serves as 


a stimulus to the egg cytoplasm which moves according to its pre- 
established organization. 


2. Cleavage and Differentiation 


When the sperm nucleus has come close to the egg nucleus the sperm 
centrosome usually divides into two minute granules, the daughter 
centrosomes, which move apart forming a spindle with the centrosomes 
at its poles and with astral radiations running out from these into the 
cytoplasm (Fig. 23 F). At the same time the chromatin granules and 
threads in the egg and sperm nuclei run together into a smooth thick 
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thread, the spireme, which is coiled within the nucleus. At this stage 
it is sometimes possible to see that the spireme is composed of a series 
of granules, like beads on a string; these granules are the chromomeres. 
The spireme then breaks up into a number of pieces in the form of short 
threads or rods (Fig. 24 C and D) ; these are the chromosomes. The 
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Fic, 24. FERTILIZATION OF THE EGG oF THE NEMATODE WorM Ascaris; QN, egg 
nucleus; GN, sperm nucleus; Arch, archiplasm; 0, centrosome; A, B, approach of 
germ nuclei; 0, D, formation of two chromosomes in each germ nucleus Z, F, stages 
in the division of the chromosomes which are split in H and are separating in F; 
only three chromosomes are shown in F. (From Wilson after Boveri.) 


number of these chromosomes is constant for every species and race, 
though the number may vary in different species. In the thread worm, 
Ascaris, there are usually two chromosomes in the egg nucleus and two 
in the sperm nucleus (Fig. 24 D). In the gastropod, Crepidula, there 
are about thirty chromosomes in each germ nucleus and sixty in the two. 
Then the spindle and asters grow larger and the nuclear membrane 
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Fig. 25. MATURATION AND FERTILIZATION OF THE Eco or THE Mouss. A, first 
polar body and second maturation spindle; B, second polar body and maturation 
spindle; O, entrance of the spermatozoon into the egg; D-G, successive stages in the 
approach of egg and sperm nuclei; H, formation of chromosomes in each germ nucleus ; 


I, first cleavage spindle showing chromosomes from egg and sperm on opposite sides of 
spindle. (After Sobotta.) 


grows thinner and finally disappears altogether, leaving the chromo- 

somes in the equator of the spindle (Figs. 23 F, 24 EF and F, 25 I). 
Each of the chromosomes then splits lengthwise into two equal 

parts, and in the splitting of the chromosomes it is sometimes possible 
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to see that each chromomere divides through its middle. The daughter 
chromosomes then separate and move to opposite poles of the spindle, 
where they form the daughter nuclei, and at the same time the cell 
body begins to divide by a constriction which pinches the cell in two 





Fic. 26. Succpesstvp STAGES IN THE CLEAVAGE OF THE EGG or MOLLUSK (Crept- 
dula), showing the separateness of the male and female chromosomes (¢ ch, 9 ch) 
and the male and female halves of each nucleus (JN, 9N). 


in the plane which passes through the equator of the spindle (Fig. 
26 B). Finally the daughter nuclei grow in size by the absorption of 
achromatin from the cell body and the substance of the chromosomes 
is again distributed through the achromatin in the form of threads 
and granules and thus the daughter nuclei come back to a “resting” 
stage similar to that with which the division began, thus completing 
the “division cycle” of the cell. 

During the whole division cycle it is possible in a few instances to 
distinguish the chromosomes of the egg from those of the sperm, and in 











THE CELLULAR BASIS OF HEREDITY 117 





every instance where this can be done it is perfectly clear that these 
chromosomes do not fuse together nor lose their identity, but that every 
chromosome splits lengthwise and its halves separate and go into the 
two daughter cells where they form the daughter nuclei. Each of 
these cells therefore receives half of its chromosomes from the egg and 
half from the sperm. Even in cases where the individual chromosomes 
are lost to view in the daughter nuclei those nuclei may be clearly double, 
one half of each having come from the egg chromosomes and the other 
half from the sperm chromosomes (Fig. 26 B). 

At every subsequent cleavage of the egg the chromosomes divide in 
exactly the same way as has been described for the first cleavage. Every 
cell of the developing animal receives one half of its chromosomes from 
the egg and the other half from the sperm, and if the chromosomes of 
the egg differ in shape or in size from those of the sperm, as is some- 
times the case when different races or species are crossed, these two 
groups of chromosomes may still be distinguished at advanced stages 
of development. Where the egg and sperm chromosomes are not thus 
distinguishable it may still be possible to recognize the half of the nu- 
cleus which comes from the egg and the half which comes from the sperm 
even up to an advanced stage of the cleavage (Fig. 26). 

At the same time that the maternal and paternal chromosomes are 
being distributed with such precise equality to all the cells of the devel- 
oping organism, the different substances in the cell body outside of the 
nucleus may be distributed very unequally to the cleavage cells. The 
movements of the cytoplasm of the egg which began with the flowing of 
the surface layer to the point of entrance of the sperm, lead to the segre- 
gation of different kinds of plasms in different parts of the egg and to 
the unequal distribution of these substances to different cells. 

One of the most striking cases of this is found in the ascidian, Styela, 
in which there are four or five different kinds of substance in the egg 
which differ in color, so that their distribution to different regions of 
the egg and to different cleavage cells may be easily followed, and even 
photographed while in the living condition. The peripheral layer of 
protoplasm is yellow and when it gathers at the lower pole of the egg 
where the sperm enters it forms a yellow cap. This yellow substance 
then moves, following the sperm nucleus, up to the equator of the egg 
on the posterior side and there forms a yellow crescent extending around 
the posterior side of the egg just below the equator. On the anterior 
side of the egg a gray crescent is formed in a somewhat similar man- 
ner and at the lower pole between these two crescents is a slate blue 
substance, while at the upper pole is an area of colorless protoplasm. 
The yellow crescent goes into cleavage cells which become muscle and 
mesoderm, the gray crescent into cells which become nervous system and 
notochord, the slate-blue substance into endoderm cells and the color- 
less substance into ectoderm cells. 
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Thus within a few minutes after the fertilization of the egg, and 
before or immediately after the first cleavage, the anterior and posterior, 
dorsal and ventral, right and left poles are clearly distinguishable, and 





Fic. 29. SEcTIONS oF THN Eco or Styela, showing maturation, fertilization and 
early cleavage; 1 P. 8., first polar spindle, p. b., polar bodies, {N, sperm nucleus, 9N, 
egg nucleus, p. l., peripheral layer of yellow protoplasm, Cr, crescent of yellow proto- 
plasm, As, As, anterior cells, Bs, Bs, posterior cells of the 4-cell stage. In 1 the sperm 
nucleus and centrosome are at the lower pole near the point of entrance; in 2 and 3 
they have moved up to the equator on the posterior side of the egg; in 4 the egg and 
sperm nuclei have come together and the sperm centrosome has divided and formed the 
cleavage spindle; in 5 the egg is dividing into right and left halves in 6 it is dividing 
into anterior and posterior halves. 


the substances which will give rise to ectoderm, endoderm, mesoderm, 
muscles, notochord and nervous system are plainly visible in their char- 
acteristic positions. 
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At the first cleavage of the egg each of these substances is divided 
into right and left halves (Fig. 29, 5). The second cleavage cuts off 
two anterior cells containing the gray crescent from two posterior ones 
containing the yellow crescent (Fig. 29, 6 and Fig. 30,1). The third 
cleavage separates the colorless protoplasm in the upper hemisphere 
from the slate-blue in the lower (Fig. 30, 2). And at every successive 
cleavage the cytoplasmic substances are segregated and isolated in par- 
ticular cells,—and in this way the cytoplasm of the different cells comes 
to be unlike (Figs. 30 and 31). When once partition walls have been 





Fic. 30. CLEAVAGE OF THE Eee or Styela, showing distribution of the yellow 
protoplasm (stippled) and of the clear and gray protoplasm to the various cells, each 
of which bears a definite letter and number. 


formed between cells they permanently separate the substances in the 
different cells so that they can no longer commingle. 

What is true of Styela in this regard is equally true of many other 
ascidians, as well as of Amphioxus and of the frog, though the segrega- 
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tion of substances and the differentiation of cells is not so evident in the 
last named animals because these substances are not so strikingly colored. 
Indeed the segregation and isolation of different protoplasmic substances 
in different cleavage cells occurs during the cleavage of the egg in all 
animals, though such differentiations are much more marked in some 
cases than in others. 


5 





Fic. 31. GASTRULA AND LARvA OF Styela, showing the cell lineage of various or- 
gans, and the distribution of the different kinds of protoplasm to these organs. Muscle 
cells are shaded by vertical lines, mesenchyme by horizontal lines, nervous system 
and chorda by stiples. 


This same type of cell division, with equal division of the chromo- 
somes and more or less unequal division of the cell body, continues long 
after the cleavage stages—indeed throughout the entire period of em- 
bryonic development. Sometimes the division of the cell body is equal, 
the daughter cells being alike ; sometimes it is unequal or differential— 
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but always the division of the chromosomes is equal and non-differential. 
When once the various tissues have been differentiated the further divi- 
sions in these tissue cells are usually non-differential even in the case of 
the cell bodies. 

There can be no doubt that this remarkably complicated process of 
cell division has some deep significance; why should a nucleus divide in 
this peculiarly indirect manner instead of merely pinching in two as was 
once supposed to be the case? What is the relation of cell division to 
embryonic differentiation? In this process of mitosis, or indirect cell 
division, two important things take place: (1) Each chromosome, 
chromomere and centrosome is divided exactly into two equal parts so 
that each daughter structure is at the time of its formation quantita- 
tively one half the size and qualitatively precisely like its mother struc- 
ture. (2%) Accompanying the formation of radiations, which go out 
from the centrosomes ‘into the cell body, diffusion currents are set up 
in the cytoplasm which lead to the localization of different parts of the 
cytoplasm in definite regions of the cell, and this cytoplasmic localiza- 
tion is sometimes of such a sort that one of the daughter cells may con- 
tain one kind of cell substance and the other another kind. Thus while 
mitosis brings about a scrupulously equal division of the elements of the 
nucleus, it may lead to a very unequal and dissimilar division of the 
cytoplasm. In this is found the significance of mitosis and it suggests 
at once that the nucleus contains undifferentiating material, viz., the 
idioplasm or germplasm, which is characteristic of the race and is 
carried on from cell to cell and from generation to generation; whereas 
the cell body contains the differentiating substance, the personal plasm 
or somatoplasm which gives rise to all the differentiations of cells, 
tissues and organs in the course of ontogeny. 

Weismann supposed that the mitotic division of the chromosomes 
during development was of a differential character, the daughter chro- 
mosomes differing from each other at every differential division in some 
constant and characteristic way, and that these differentiations of the 
chromosomes produced the characteristic differentiations of the cyto- 
plasm which occur during development. But there is not a particle of 
evidence that the division of chromosomes is ever differential; on the 
contrary, there is the most complete evidence that their division is 
always remarkably equal both quantitatively and qualitatively. If 
daughter chromosomes and nuclei ever become unlike, as they sometimes 
do, this unlikeness occurs long after division and is probably the result 
of the action of different kinds of cytoplasm upon the nuclei, as is true, 
for example, in the differentiation of the chromosomes in the somatic 
cells as contrasted with the germ cells of Ascaris (Fig. 32). But while 
the chromosomes invariably divide equally, other portions of the nucleus 
may not do so. Achromatin and oxychromatin, like the cytoplasm, may 
VOL. LXXxv.—9. 
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divide unequally and differentially, and this is probably a prime factor 
in development. 

On the other hand, the differential division of the cytoplasm is a 
regular and characteristic feature of ontogeny—indeed the segregation 
and isolation of different kinds of cytoplasm in different cells is the 
most important function of cell division in development. Thus we 
find in the division apparatus of the cell a mechanism for the preserva- 











Fic. 32. DIFFERENTIATION OF GERM CELLS AND SoMATIC CELLS IN THE DGG OF 
Ascaris. A and B, second cleavage division showing that the chromosomes remain 
entire in the lower cell, which is in the line of descent of the sex cells (“ germ 
track’), but that they throw off their ends and break up into small granules in the 
upper cells, which become somatic cells. 0, 4-cell stage, the nuclei in the upper 
somatic cells being small and the ends of the chromosomes remaining as chromatic 
masses in the cell body outside of the nuclei, while the nuclei in the lower cells are 
much larger and contain all the chromatin. D, third nuclear division, showing the 


somatic differentiation of the chromosomes in all the cells except the lower right one, | 


which alone is in the germ track and will ultimately give rise to sex cells. (After 
Boveri.) 


tion in unaltered form of the species plasm, idioplasm or germ-plasm of 
the nucleus, and for the progressive differentiation of the personal plasm 
or somatoplasm of the cell body. 
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3. The Origin of the Sex Cells 

The sex cells are the latest of all cells of a developing organism to 
reach maturity, and yet they may be among the earliest: to make their 
appearance. Every sex cell, like every other type of cell, is a lineal 
descendant of the fertilized egg (Fig. 22), but the period at which the 
sex cells become visibly different from other cells varies from the first 
cleavage of the egg in some species to a relatively advanced stage of 
development in others. 


(a). The Dwision Period. Oogonia and Spermatogonia 


When the primitive sex cells are first distinguishable they differ 
from other cells only in the fact that they are less differentiated; they 
have relatively larger nuclei and smaller cell bodies—a condition which 
is indicative of little differentiation of the cell body since the products 
of differentiation such as fibres, secretions, etc., swell the size of the 
cell body, but do not contribute to the growth of the nucleus. These 
primitive sex cells or gonia divide repeatedly, but the oogonia grow 
more rapidly and divide less frequently than the spermatogonia. As a 
result of this difference in the rate of growth and division the sperma- 
togonia become much smaller and immensely more numerous than the 
oogonia. This period in the genesis of the sex cells is known as the 
division period (Fig. 22). 


(b). The Growth Period. Oocytes and Spermatocytes 


This period of rapid cell divisions is followed by a period of growth 
without division during which the developing sex cells are called 
primary oocytes or spermatocytes. This growth period may be very 
long in the case of the oocytes, lasting, for example, in the human 
female from the time of birth to the end of the reproductive period; 
during this long time the oocytes in the ovary probably never divide— 
there are as many of them at birth as at any later time; during this 
period of growth the ovarian egg becomes relatively large, in some 
animals, e. g., birds, the largest of all cells. The growth period of a 
spermatocyte lasts for a briefer time than does that of an oocyte so that 
the former remains relatively small (Fig. 22). 

All of the cell divisions which take place during the division period 
are of the usual kind, in which every chromosome splits lengthwise into 
two and the two halves then separate and move to opposite poles of the 
spindle where they break up into threads and granules and form the 
daughter nuclei, as is shown in Fig. 24. But during the growth period 
of the oocytes and spermatocytes the chromosomes form a closely wound 
coil of long chromatin threads (Fig. 33), and when these threads uncoil 
later it is seen that the chromosomes have united in pairs (Figs. 33 D 
and H, 34 B, 35 B) ; this process is known as synapsis, or the conjuga- 
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tion of the chromosomes, and there is evidence that one member of each 
synaptic pair is derived from the father, and the other from the mother. 
The union of these chromosomes is probably not so close that they lose 
their identity, though there may possibly be some interchange of sub- 
stance between them. By this union of the chromosomes into pairs the 
number of separate chromosomes is reduced to half the normal number ; 
if there are usually 4 chromosomes, as in Ascaris, they are reduced to 2 
pairs; if 48 chromosomes, as in man, there are 24 of these pairs. 


C 





Fic. 33. DIFFERENT STAGES IN THE DEVELOPMENT OF THE HGG OF THE RABBIT. 
A, at the beginning of the growth period showing slender chromatic threads in the 
nucleus; B, later stage in which these threads ball up and parallel threads conjugate 
forming the shorter, thicker thread shown in C; D and E, segmentation of the long 
thread into chromosomes (7?) each of which shows its double nature; F, later stage in 
which the distinctions of the chromosomes is temperarily lost. (After Winiwarter.) 


In the conjugation of the chromosomes it is plain that, generally 
speaking, those chromosomes which are similar in shape and size unite; 
big chromosomes unite with big ones, little ones with little ones, and 
those of peculiar shape with others of similar shape (Figs. 34 B, 35 B). 
It is probable that the two members of a pair of conjugating chromo- 
somes are homologous not merely in shape and size but also in function, 
though this homology does not amount to identity. 

In some instances it can be proved that one member of each conju- 
gating pair of chromosomes comes from one parent and the other from 
the other parent, and it is probable that this is always true. In every 
cell of every individual which has developed from a fertilized egg there 
are two full sets of chromosomes, one of which came from the sperm and 
the other from the egg; but when this individual in its turn produces 
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germ cells homologous chromosomes of each set unite in pairs during 
the growth period. 

These synaptic pairs are the bivalent chromosomes, and in addition 
to showing the line of junction by which they are united they frequently 
show a longitudinal split through the middle of each chromosome and 





Fic. 34. SPERMATOGENESIS OF A NEMATODB WorM (Ancyracanthus). A, chromo- 
somes of sperm mother cell, 11 in number, before their union into pairs; B, early 
stage of first division; 10 of the chromosomes have united into 5 pairs and each of 
these has split lengthwise; 1 chromosome remains unpaired; C, first maturation di- 
vision after the 5 pairs of chromosomes have pulled apart; the unpaired chromo- 
some is going entire to one pole of the spindle; D, two cells resulting from this di- 
vision, one containing 5 and the other 6 chromosomes; EZ, four cells resulting from 
the division of two cells like D, in which each chromosome has split into two so that 
changing into spermatozoa, one containing 5 and the other 6 chromosomes. (After 


two of the cells contain 5 and two contain 6 chromosomes; F, two of these cells 
Mulsow.) 


at right angles to the line of junction. It thus happens that these 
bivalent chromosomes are frequently four-parted and such four-parted 
chromosomes are known as tetrads (Figs. 34 B, 35 B). 
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Fic. 35. OOGENESIS OF A NEMATODE WorM (Ancyracanthus). A, egg mother cell 
containing 12 chromosomes before their union into pairs; B, early stage of first ma- 
turation division; all the chromosomes have united into 6 pairs, each of which has 
split in two so that the pairs are really four-parted (tetrads) ; 0, the six tetrads in 
the first maturation division; D, egg containing 6 chromosomes, after both first and 
second maturation divisions; the eliminated chromosomes are shown as the polar 
bodies at the margin of the egg; E and F, eggs after fertilization; the egg nucleus 
is above and contains 6 chromosomes, the sperm nucleus below and contains 5 chromo- 
somes in one case and 6 in the other; the former becomes a male with 11 chromo- 
somes, the latter a female with 12 chromosomes. 


(c). The Maturation Period 


Finally at the close of the growth period both oocyte and spermato- 
cyte undergo two peculiar divisions one following immediately after the 
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other, which are unlike any other cell divisions. These are known as 
the first and second maturation divisions and they are the last divisions 
which take place in the formation of the egg and sperm. In one or the 
other of these two maturation divisions the pairs of chromosomes sepa- 
rate along the line of junction, one member of each pair going to one 
pole of the spindle and the other to the other pole, so that in each of the 
daughter cells thus formed only a single set of chromosomes is present 
(Fig. 34 C and D) ; but since the position of the pairs of chromosomes 
in the spindle is a matter of chance it rarely happens that all the 
paternal chromosomes go to one pole and all the maternal ones to the 
other; thus each of the sex cells comes to contain a complete set of 
chromosomes though particular individual chromosomes may have come 
from the father while others have come from the mother. There is 
reason to believe that homologous chromosomes show general resem- 
blances but individual differences, and consequently when the members 
of each pair separate and go into the sex cells, these cells differ among 
themselves because the individual chromosomes in different cells are not 
the same. 

In this way the number of chromosomes in the mature egg or sperm 
comes to be one half the number present in other kinds of cells, and 
when the egg and sperm unite in fertilization the whole number is 
again restored. The double set of chromosomes is known as the diploid 
number, the single set as the haploid number, and the maturation divi- 
sion in which this reduction from the double to the single set takes place 
is the reduction division. It is generally held that this reduction takes 
place in the first of the two maturation divisions (Fig. 34, C, D), and 
that the second of these divisions is like an ordinary mitosis in that 
each chromosome splits into two and the halves move apart, such a divi- 
sion being known as an equation division (Fig. 34 #), but it is possible 
that some chromosome pairs undergo an equation division in the first 
maturation mitosis and a reduction division in the second, while other 
chromosome pairs may reverse this order. 

It is an interesting fact that long before the reduction of chromo- 
somes had been actually seen Weismann maintained on theoretical 
grounds that such a reduction must occur, otherwise the number of 
chromosomes would double in every generation, and he held that this 
reduction must take place in one of the maturation divisions; this 
hypothesis of Weismann’s is now an established fact. 

As the result of these two maturation divisions four cells are formed 
from each cell (spermatocyte or oocyte) of the growth period. In the 
spermatogenesis each of these four cells is transformed into a functional 
spermatozoon (Fig. 34 #), by the condensation of the nucleus into the 
sperm head and the outgrowth of the centrosome and cytoplasm to form 
the tail. In the oogenesis only one of these four cells becomes a func- 
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tional egg while the other three are small rudimentary eggs which are 
called polar bodies and which take no ‘further part in development 
(Fig. 23, D-F). The fertilization of the egg usually takes place coin- 
cidently with the formation of the polar bodies—and so we come back 
once more to the stage from which we started, thus completing the life 
cycle. 

4. Sex Determination 


In the formation of the sex cells one can frequently distinguish at 
an early stage, differences between the larger oogonia and the smaller 
and more numerous spermatogonia; this difference is the first visible 
distinction in the development of the two sexes. In the case of the 
human embryo this distinction can be made as early as the fifth week, 
and it is evident that the real causes of this difference must be at a still 
earlier period of development. 

The cause of sex has been a favorite subject of speculation for thou- 
sands of years. Hundreds of hypotheses have been advanced to explain 
this perennially interesting phenomenon. The causes of sex determina- 
tion have been ascribed to almost every possible external or internal 
influence and the world is full of people who think they have discovered 
by personal experience just how sex is determined. Unfortunately 
these hypotheses and rules are generally founded upon a few observa- 
tions of selected cases. Since there are only two sexes the chances are 
that any hypothesis will be right half the time, and if only one forgets 
the failures of a rule and remembers the times when it holds good it is 
possible to believe in the influence of food or temperature or age, of 
war or peace or education on the relative number of the sexes, or on 
almost any other thing. By statistics it has been shown that each of 
these things influences the sex ratio, and by more extensive statistics it 
has been proved that they do not. 

This was the condition regarding the causes of sex determination 
which prevailed up to the year 1902. Immediately preceding that year 
it had been found that the kinds of spermatozoa were formed in equal 
numbers in certain insects; one of these kinds contained a peculiar 
“accessory” chromosome, and the other lacked it. The manner in 
which these two types of spermatozoa were formed had been carefully 
worked out by several investigators without any suspicion of the real 
significance of the facts. It was shown that an uneven number of 
chromosomes might be present in the spermatogonia of certain insects 
and that when maternal and paternal chromosomes united in pairs in 
synapsis one “odd” chromosome was left without a mate (Fig. 34 B). 
Later, in the reduction division, when the synaptic pairs separated, the 
odd chromosome went entire into one of the daughter cells, and the 
spermatozoa formed from this cell contained one chromosome more 
than those formed from the other daughter cell (Fig. 34 C and D). 
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Chiefly because these two kinds of spermatozoa occur in equal num- 
bers McClung in 1902 concluded that this accessory chromosome was & 
sex determinant. In 1905 Wilson discovered in a number of bugs that 
while there were two types of spermatozoa, one of which contained, and 


Protenor Type 


Qocyte Redugtion © Ova Ferlitiaed Egg 
Divi ston 





2) Oey 


Syermatocyte Reduction Sparmatids 
Digision 


Fic, 36. Dr1aGRaMs oF Spex DIFFERENTIATION IN THE BuG, Protenor. The oocyte 
contains 6 chromosomes and the spermatocyte 5 chromosomes which are not yet 
united into synaptic pairs; the “sex” chromosomes are shown in black and white, 
two are present in the oocyte, but one is present in the spermatocyte. In the reduc- 
tion division the synaptic pairs separate, giving rise to two types of spermatozoa, one 
of which has the sex chromosome and the other lacks it; all ova are alike in this re- 
gard. If an egg is fertilized by a sperm without the sex chromosome a male results; 


if fertilized by a sperm containing the sex chromosome a female results. (After 
Wilson with modifications. ) 
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Fic. 37. DIAGRAMS OF SEX DIFFERENTIATION IN THE BEETLE, Tenebriv, showing 
5 synaptic pairs of chromosomes (there are actually 10 pairs) ; in the oocyte all pairs 
are equal in size; in the spermatocyte one pair is unequal. These pairs separate in 
the reduction division giving rise to two types of spermatozoa and one type of ova; 
eggs fertilized by one type of sperm give rise to females, those fertilized by the other 
type give rise to males. (After Stevens with modifications.) 


the other lacked, the accessory chromosome, there was only one type of 
egg, since every egg contained the accessory chromosome, and he pointed 
out that if an egg were fertilized by a sperm containing an accessory, 
two accessories would be present in the zygote, this being the condition 
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of the female, while if it were fertilized by a sperm without an accessory 
there would be present in the zygote only the accessory derived from the 
egg (Fig. 35 E and F, Fig. 36). 

In other cases Miss Stevens as well as Wilson discovered that two 
accessory chromosomes, differing in size, might be present in the male 
whereas in the female they are of equal size (Fig. 37). In such cases 
two types of spermatozoa are produced in equal numbers, one containing 
a large and the other a small accessory chromosome, whereas every egg 
contains one large accessory chromosome. If such an egg is fertilized 
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Fic. 38. Dr1aGRAMS OF SEX DIFFERENTIATION IN THE THREAD WorM, Ascaris. 
The sex chromosomes are here joined to ordinary chromosomes, there being two in 
the egg mother cell and one in the sperm mother cell. All eggs contain one of these 
sex chromosomes, while half of the spermatozoa have it and half @o not. Eggs fer- 
tilized by one type of sperm produce females, those fertilized by the other type pro- 
duce males, (From Wilson.) 


by a sperm containing a large accessory (the X chromosome) it gives 
rise to a female, if by a sperm containing a small accessory (the Y 
chromosome) it gives rise to a male (Fig. 37). 

In other animals one may not be able to distinguish separate X or 
Y chromosomes and yet such structures may be joined to one or two 
ordinary chromosomes. This is the case in the thread worm, Ascaris 
(Fig. 38), where two such accessory elements are present in the female, 
each being joined to the end of an ordinary chromosome, whereas in the 
male only one such element is present. Here also two classes of sperm- 
atozoa are found one with and the other without the accessory element, 
whereas all ova have this element, and in this case also sex is probably 
determined by the type of spermatozoon which enters the egg (Fig. 38). 

Even in man sex is determined in the same manner according to 
several recent investigators. There are in the spermatogonia of man 
47 chromosomes, accordingly to Winiwarter, one of which is the X or 
accessory chromosome (Fig. 39 A). These unite in synapsis into 23 
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pairs, leaving the X chromosome unpaired (Fig. 39, B) and in the re- 
duction division the pairs separate, while the X chromosome goes entire 
into one of the daughter cells, which consequently contains 23 + X 
chromosomes, whereas the other daughter cell contains 23 chromosomes 
(Fig. 39 C and D). The former gives rise to spermatozoa with 24 
chromosomes, the latter to spermatozoa with 23 chromosomes. In the 
female there are probably 48 chromosomes, according to Winiwarter, 
there being two X chromosomes, one from each parent, and after the 
reduction divisions every egg contains 24 chromosomes. If an egg is 
fertilized by a sperm containing 24 chromosomes an individual with 48 
chromosomes, or a female, is produced ; if fertilized by a sperm with 23 
chromosomes an individual with 47 chromosomes, or a male, results 
(Fig. 39). 





Fig. 39. DraGrRaAMs or Sex DIFFERENTIATION IN Man. A, spermatogonium with 
47 chromosomes one of which is the “sex”? chromosome. B, spermatocyte showing 23 
synaptic pairs ard a single unpaired “‘sex’’ chromosome. (CO, reduction division in 
which the synaptic pairs separate while the sex chromosome does not divide, conse- 
quently the second spermatocytes D and D’ contain respectively 23+ X and 23 chromo- 
somes. Z# and 2’, second maturation division in which every chromosome divides, giv- 
ing rise to two equal classes of spermatids and spermatozoa, one of which has 24 
chromosomes and the other 23, If an egg containing 24 chromosomes Is fertilized by 
a sperm with 24, a female with 48 chromosomes is produced; if an egg with 24 chrom- 
osomes is fertilized by a sperm with 23, a male results. (From Morgan after Wini- 
warter.) 


It must be said that other investigators, notably Guyer and Mont- 
gomery, have not found 47% chromosomes in the spermatogonia of man, 
but 23. Since both the latter investigators worked on negroes whereas 
Winiwarter worked on white men it has been suggested quite recently 
by Morgan and Guyer that there may be twice as many chromosomes 
in the white race as in the black. A similar condition in which one race 
has twice as many chromosomes as another race of the same species is 
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found in two races of the thread worm, Ascaris megalocephala, but it is 
still too soon to affirm that this is true of white and black races of man, 
though the facts seem to point in that direction. 

Similar correlations between chromosomes and sex have been ob- 
served in more than one hundred species of animals belonging to widely 
different phyla. In a few classes of animals, particularly echinoderms 
and birds, the evidence while not entirely convincing seems to point to 
the fact that two types of ova are produced and but one type of sperma- 
tozoa; but the general principle that sex is determined by the chance 
union of male-producing or female-producing gametes is not changed 
by such cases. 

On the other hand, there are many observations which seem to indi- 
cate that the sex ratio may be changed by environmental conditions 
acting before or after fertilization and that therefore sex is determined 
by extrinsic rather than by intrinsic causes. Most of these observations, 
as already remarked, are now known to be erroneous or misleading, since 
they do not prove what they were once supposed to demonstrate. But 
there remain a few cases which can not at present be explained away in 
this manner. Perhaps the best attested of these are the observations 
of R. Hertwig and some of his pupils on the effects of the time of 
fertilization on the determination of sex. If frog’s eggs, which are 
always fertilized after they are laid, are kept for some hours before 
spermatozoa are mixed with them, or if the female is prevented for two 
or three days from laying the eggs after they have entered the oviducts, 
the proportion of males to females is enormously increased. Hertwig 
attempts to explain this extremely interesting and important observa- 
tion as due to the relative size of nucleus and cytoplasm of the egg; 
but in general this nucleus-plasm ratio may vary greatly irrespective of 
sex and there is no clear evidence that it is a cause of sex determination. 

Miss King, also working on frog’s eggs, has increased the proportion 
of males by slightly drying the eggs or by withdrawing water from them 
by placing them in solutions of salts, acids, sugar, etc., but the manner 
in which drying increases the proportion of males is wholly unknown. 

Extensive statistics show that in many animals including man more 
males are born than females, whereas according to the chromosome 
theory of sex determination as many female-producing sperm are formed 
as male-producing. It is possible to explain such departure from the 
1:1 ratio of males and females in conformity with the chromosome 
theory if one class of spermatozoa are more active or have greater vital- 
ity than the other class, or if after fertilization one sex is more likely 
to live than the other. In the human species it is known that mortality 
is greater in male babies before and after birth than in female babies, 
and if before fertilization the activity or vitality of male-producing 
spermatozoa is greater than that of female-producing ones it would ex- 
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plain the greater number of males than of females. In certain insects 
it is known that females only develop from fertilized eggs, and in one 
of these cases, viz., Phylloxera, Morgan has discovered that this is due 
to the fact that all the male-producing spermatozoa degenerate and that 
only female-producing spermatozoa become functional. Possibly experi- 
mental alterations of the sex ratio, such as Hertwig, King and others 
have brought about, may be explained in a similar way. At least the 
chromosomal theory of sex determination is so well established in so 
many cases and has been found to be true in so many instances where 
at first it seemed impossible of application, that it ought not be aban- 
doned until unmistakable evidence can be adduced against it. For the 
present at least we are justified in concluding that sex is irrevocably 
determined at the time of fertilization. 


(To be concluded.) 
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THE ORIGIN OF NITRATE DEPOSITS 


By WILLIAM H. ROSS, Pu.D. 


BUREAU OF SOILS, U. S. DEPARTMENT OF AGRICULTURB 


: origin of all nitrate deposits was at one time accounted for by 

oxidation. The theory was held that the production of nascent 
nitrogen through the decomposition of organic matter caused a union to 
take place between the oxygen of the air and the nitrogen of the organic 
matter. Since then it has been shown that nitrates may be produced in 
various ways, and new theories are still being advanced from time to 
time to explain the origin of the nitrate deposits which occur in various 
parts of the world. The fact that different views have often been ad- 
vanced to explain the origin of the same deposit has given rise to a great 
deal of discussion, and there still exists a wide difference of opinion as 
to the source from which the nitrogen may have been derived. By the 
source in this case is usually meant the preceding form in which the 
nitrogen appeared rather than the ultimate source of the nitrogen since 
this is generally admitted to be the atmosphere, The object of the pres- 
ent writing is to give a review of the various theories which have been 
advanced in this connection. 

The fixation of nitrogen, that is, the transformation of elementary 
nitrogen into a combined state, may be brought about in the laboratory 
in a great many ways. Some of these processes have been shown to be 
profitable commercially and large quantities of nitrates and other com- 
pounds of nitrogen are now being manufactured in Europe and likewise 
in Canada, at Niagara Falls, but up to the present no commercial plant 
for the manufacture of “atmospheric nitrogen” products has yet been 
established in this country. These various processes of fixing nitrogen 
artificially may be grouped into four classes according as there is pro- 
duced (1) nitrates or nitrites, (2) ammonia, (3) nitrides, or (4) cyana- 
mid and its related compounds. 

The fixation of nitrogen in nature also takes place in a number of 
different ways, but, unlike the technical operations just referred to, this 
is brought about principally by organic processes. Small amounts, how- 
ever, are also fixed in nature by inorganic processes in a way analogous 
to some of the artificial methods, and in this way there are formed 
nitrates or nitrites, ammonia and nitrides. 

The best known case of the inorganic fixation of nitrogen in nature 
occurs when nitric acid is formed in the air by lightning discharges at 
the time of thunder storms. The quantity of nitrogen which is combined 
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in this way seems to differ in different parts of the world, In British 
Guiana during a period of twenty years the quantity so formed amounted 
each year on an average to 1.88 pounds per acre, while in Utah only 
0.356 pounds was obtained annually for a period of three years. Asa 
result of the decay of organic matter on the earth there is usually present 
in the air a sufficient quantity of ammonia to combine with all the nitric 
acid formed, although in the tropics the latter may sometimes be in 
excess. The ammonium nitrate which results from the combination dis- 
solves in the snow and rain and in this way is carried to the earth along 
with other ammonium salts. Except in some parts of the tropics the 
total nitrogen recovered in this way is usually several times greater than 
the nitric nitrogen formed by the electric discharge. At Rothamsted, 
England, it amounted on an average during a period of eight years to 
3.37 pounds per acre annually, At Ottawa, Canada, the average for the 
past five years amounted to 6.18 pounds per acre. 

The quantity of nitrates which is thus formed in the air is small 
when considered locally, but in the aggregate the amount of combined 
nitrogen which is thus restored by nature to the surface of the earth is 
very great and is estimated at about 100,000,000 tons. 

Other examples of nitrogen compounds which are not of organic 
origin are the metallic nitrides and ammonium salts which are found in 
the vicinity of volcanoes at the time of an eruption. It is probable that 
they are not carried as such in the fumes of the volcano, but are formed 
near the surface of the earth through exposure of molten rock to an 
atmosphere of nitrogen in a way analogous to the manner in which 
nitrogen is fixed artificially by the Serpek process, which consists in 
heating an ore of aluminium with carbon in an atmosphere of nitrogen. 
According to this view, nitrids would be formed first, and then ammonia 
when the former would come in contact with water. Many analyses have 
been made of the gases given off by volcanoes in different parts of the 
world, and free nitrogen has always been an important constituent, but 
so far as known combined nitrogen has never been reported, 

A nitrogen compound of inorganic origin is also to be found in the 
case of a rare mineral which occurs in some parts of Arizona, and which 
has the distinction of being the only insoluble nitrate occurring in 
nature. This mineral to which the name Gerhardtite has been given is 
a basic nitrate of copper and is supposed to have been formed in the 
earth by water charged with air percolating over copper ore. It affords 
an illustration of an unusual way in which the fixation of nitrogen may 
be brought about. 

The organic processes, however, are by far the most important in 
' bringing about the fixation of nitrogen and the formation of nitrates. 
That nitrogen is one of the principal constituents of plants has been 
known since the beginning of the last century, but the source of the 
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nitrogen was a matter of controversy for a long time afterwards. The 
experiments of some investigators showed that with sterilized soil and 
with all sources of combined atmospheric nitrogen cut off, the free 
nitrogen takes no part in the food supply of the plant. Other investi- 
gators arrived at just the opposite conclusion. These opposite views led 
to a great deal of discussion, and it was not until 1888 that Hellrigel was 
able to account for these conflicting results by growing leguminous 
plants in nitrogen-free soils, One set of plants was watered with dis- 
tilled water, while to the other set was added in addition small amounts 
of leachings, containing only a trace of nitrogen, from a cultivated field. 
The plants watered with distilled water made but a small growth and 
soon died of nitrogen starvation, but those watered with the leachings 
reached a full growth and were found to contain about one hundred 
times more nitrogen than the seed sown. It was observed that the roots 
of the latter plants were covered with swellings, or nodules, which con- 
tained characteristic organisms while those which were watered with dis- 
tilled water only had none. Furthermore, no nodules appeared and the 
plants did not develop when the soil leachings were sterilized before 
using, The experiments thus showed that the plants which were pro- 
vided with nodules must have obtained nitrogen through the agency of 
the microorganisms ; that these must have come from the soil leachings ; 
and that they must have the property of fixing the nitrogen of the air. 
For some unknown reason these bacteria, to which the name Bacillus 
radicicola has been given, do not develop on the roots of non-leguminous 
plants ; consequently, when plants of this kind are grown in the soil and 
harvested the total quantity of nitrogen present gradually becomes less. 
The advantage of rotating leguminous plants with crops of this kind thus 
becomes clear, because when a crop of the former is grown or plowed 
under as green manure the total nitrogen in the soil is increased. As the 
plants decay a part of the protein nitrogen of the plant again passes into 
the elementary state, part changes into ammonia, and a third part 
changes into nitrates. These changes are brought about by different bac- 
teria, those responsible for the formation of nitrates being called nitrify- 
ing bacteria. 

The amount of protein nitrogen which is converted into nitrates in 
the soil by these bacteria varies with conditions and depends on the 
physical condition of the soil, the quantity of organic matter present, the 
moisture content and the temperature. A basic element as potash, soda 
or lime must also be present with which the nitric acid formed may 
unite. On a limited scale these conditons may be so controlled that large 
quantities of protein nitrogen may be converted into nitrates, as is still 
done in India for the production of potassium nitrate to be used in the 
manufacture of gun-powder. The action of the nitrifying bacteria in 
thus leading to the formation of nitrates does not bring about any in- 
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crease in the quantity of nitrogen combined, but simply brings about a 
transformation from one form to another. 

Shortly after the discovery that the bacteria which are associated 
with the roots of leguminous plants are able to fix nitrogen, a great many 
experiments were made to determine if other bacteria have a similar 
function. Very conflicting results were obtained. Some investigators 
reported that certain bacteria are able to fix nitrogen, while others. 
arrived at an opposite conclusion with respect to the same bacteria, Ex- 
periments along this line are still being made. It seems that most of the 
bacteria in the soil do not bring about any fixation of nitrogen, but there 
is good evidence that there are two or three kinds in addition 
to the Bacillus radicicola which are able to do this. Unlike the latter, 
these bacteria do not require the medium of leguminous plants, but may 
be active in soils which are devoid of growing vegetation. The most 
important of these bacteria have been called Azotobacter chroococcum. 
It has also been shown that various fungi, alge and other organisms 
possess greater or less power of fixing atmospheric nitrogen. 

A special study of the amount of fixation which may take place 
through the activities of these organisms, particularly the Azotobacter 
chroococcum, has been made by Headden? and others at the Colorado 
Agricultural Experiment Station. It was observed that in certain parts 
of Colorado dark-brown spots occur in which nothing will grow. From 
the color of the spots it was natural to assume that the cause of the spots 
was due to the presence of black alkali, or sodium carbonate, which is so 
commonly met with in the soils of arid and semi-arid countries, An 
analysis of the soils, however, showed little or no sodium carbonate pres- 
ent, but instead surprisingly large quantities of sodium, calcium and 
magnesium nitrates. The spots observed were not fixed, but spread 
rapidly and sometimes covered an area of several acres in extent. More- 
over, new spots were noticed to appear in old and new localities. In 
some cases the amount of nitrogen accumulated, as shown by analysis, 
amounted to as much as one hundred tons to the acre foot, Arguments 
were given to show that the nitrates could not have originated with the 
irrigating water nor from concentration of ground water in the surface 
layers of the soil. That the spots are the remains of great herds of ex- 
tinct animals which perished from some unknown cause, was likewise 
considered improbable for the reason that the areas involved are too 
large, and that the spots are increasing in size and appearing in localities 
where they were never before noted. The theory was therefore advanced 
that the excessive quantities of nitrates were formed in situ, through the 
nitrogen-fixing activity of micro-organisms in the soil. 

It was actually shown that the power to fix atmospheric nitrogen is a 
property common to many cultivated Colorado soils, and that this power 

1Col. Agri. Expt. Sta., Bull. Nos. 155, 178 and 179. 
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is not confined to nitrogen fixation in solution, but is manifested in soils 
as well. The principal nitrogen fixing organisms in the soil were identi- 
fied as Azotobacter chroococcum. These have the power of developing 
a dark brown color in cultures containing organic matter and a nitrate, 
but give no color when the nitrate is replaced by organic nitrogen, The 
rate at which the fixation took place was considered sufficient to account 
for the formation of the nitrates found in the soil. 

Exception has been taken to this view regarding the origin of these 
nitrate beds by Stewart and Greaves? who made a study covering a period 
of eight years at the Utah Experiment Station of the influence of irri- 
gating water upon the production and movement of nitric nitrogen in. 
the soil. Although the soils upon which the investigations were made 
were ideally adapted both chemically and biologically to support a rapid 
biological action, no unusual amounts of nitrates were found. A recalcu- 
lation of the results reported by Headden showed that in the samples 
which were taken from the surface of the soil at different points in the 
same locality and from the same point at different depths, the nitrates 
and chlorides varied in the same ratio, and that whenever an accumula- 
tion of the former took place during a given period, the latter also in- 
creased during the same time in the same general proportion, It was 
therefore concluded that the excessive quantities of nitrates formed in 
the soils of Colorado were not formed in situ, but owe their origin to the 
same source as the other water-soluble salts. 

Further investigations by Headden,® however, showed that while 
large amounts of chlorine generally occur with excessive nitrates, this 
is accidental rather than necessary, and that on the whole there is no 
ralation between the amount of nitrates and that of any other class of 
salts present. Additional evidence is given to show that the concentra- 
tion in nitrates in brown spots in which nothing will grow is not due to 
the accumulation of preexisting nitrates, but to the action of micro- 
organisms which are able to bring about the fixation in the soil of atmos- 
pheric nitrogen, and that the dark-brown color which is characteristic of 
the spots is due, not to black alkali, but to the development of pigment by 
the organisms. 

The occurrence of nitrate deposits in caves has long been known. 
During the War of 1812 and again at the time of the Civil War, the 
“saltpeter” deposits in the Mammouth Cave, and in other caves in 
Alabama and Georgia, formed an important source of nitrates required 
in the manufacture of gunpowder. The origin of these deposits is com- 
monly ascribed to the decomposition of animal remains, and particularly 
to the excrements of bats, In the southwest small deposits of guano are 
still to be found in some caves, but almost all deposits which are suffi- 


2 Utah Agri. Expt. Sta., Bull. No. 114. 
8 Col. Agri. Expt. Sta., Bull. No. 186. 
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ciently large to be of commercial value have been removed for use in the 
manufacture of fertilizers. Samples taken from some of the caves where 
the guano has undergone decomposition have been analyzed by the writer 
and found to run as high as 75 per cent. of potassium nitrate. Other 
samples have been examined which consisted of very pure elongated 
white crystals of calcium nitrate, and which had been taken from crevices 
in a cave. When placed in a humid atmosphere these soon melt in the 
moisture which they absorb from the air, but may be kept indefinitely in 
a desiccator. 

While guano is usually considered to be the source of the nitrates 
found in caves, other theories are occasionally advanced to explain the 
origin of some of the deposits. Thus Hess* considers that guano could 
not be the source of the large store of nitrates which have been taken from 
the Mammouth Cave at distances of over five miles from any opening 
which leads to the surface, since bats go, as a rule, but a short distance 
from the entrance to the cave. Moreover, in the bottom of many caves 
there are to be found earths from which nitrates can be extracted, but 
which do not contain any animal remains as would be expected if the 
nitrates were derived from guano. To explain the occurrence of nitrates 
in caves of this kind, the view is put forward that the nitrates do not 
come from guano, but originate in the surface soil above the caves 
through the oxidation of organic matter by nitrifying bacteria. As the 
soil in limestone regions is usually loose and porous, the nitrates are con- 
sidered to be carried down by percolating water and deposited in the 
floor of the caves. Air currents in and out of the caves would remove the 
water by evaporation, and the nitrates would consequently remain and 
would not be washed away so long as the inflow of water did not exceed 
that lost by evaporation. 

A similar explanation is given for the origin of nitrate deposits under 
overhanging cliffs. Thus, water carrying nitrates dissolved from the soil 
percolates through the earth and a portion finally oozes out at the surface 
underneath where it evaporates and leaves the nitrates behind. Being 
protected from the rain in this position, the nitrates in this way are en- 
abled to accumulate. 

The theory advanced by Hess to account for the origin of nitrates in 
caves has not met with universal acceptance. Nichols® has argued that 
bats do frequent remote parts of caves; that cave earth does contain 
organic matter ; and that the proportion of phosphates to nitrates in the 
cave earth is much too great to be accounted for on the supposition that 
they were brought in by percolation from the surface soil, It is con- 
sidered that while small deposits may be found in the way described by 
Hess, the great bulk of the nitrates that are found in caves results from 


4 Jour. Geol., 8, 129, 1900. 
5 Jour. Geol., 9, 236, 1901. 





























140 NITRATE DEPOSITS 


the decomposition of bat guano. By leaching of the soluble salts from 
the guano, the nitrates are removed and may be concentrated in other 
parts of the cave or distributed elsewhere. 

Because of their solubility, it is not to be expected that any large ac- 
cumulation of nitrates can take place excepting in protected places such 
as caves, or in arid countries where there is very little rain. In such 
countries, however, there is very little vegetation, and consequently the 
organic processes which are of such importance in bringing about fixa- 
tion of nitrogen in humid countries are able to operate to a much less 
extent in desert regions. We thus find that in the soil of such regions 
the total nitrogen present is usually much less than in soils which sup- 
port a good vegetation. 

On the other hand, the soils of desert countries have marked nitri- 
fying powers, with the result that a large percentage of the nitrogen 
actually present is converted into nitrates. Furthermore, owing to the 
low percentage of organic matter present and to the porous nature of 
desert soils the anaerobic dentrifying bacteria are not so active in chang- 
ing nitrates into free nitrogen, while the lack of vegetation prevents their 
convertion into protein nitrogen. The nitrates which are formed are 
thus enabled to accumulate, and either remain in the soil or are trans- 
ferred by underground waters to other localities where they may be con- 
centrated by evaporation of the water at the surface of the ground, If 
there has-been any introduction into desert localities of organic matter 
from external sources, as may be brought about by the droppings or re- 
mains of animals, the accumulation of nitrates may be correspondingly 
increased. It thus happens for the reasons given that the largest 
nitrate deposits are found in desert regions. 

In this country few nitrate deposits are to be found apart from those 
of cave origin. The most extensive so far known occur in San Ber- 
nardino and Inyo Counties, California, along the shore lines or bed 
beaches of what was supposed to be a former sea, but which is now geo- 
logically known as Death Valley. The region popularly known as Death 
Valley is that portion of the valley proper which is below sea level. The 
territory covered by nitrate beds has been estimated to cover an area of 
about 35,000 acres. Through erosive agencies the clay beds in which the 
nitrates were deposited have been worn into buttes and ridges of charac- 
teristic shape and color. The hills so formed vary from only 50 feet 
high to over 300 feet. Samples taken from the niter-bearing strata in 
the hills, and exposed by erosion, vary all the way from a trace to more 
than 50 per cent. of nitrates. It is generally agreed that these deposits 
have not been formed in situ, but have resulted from the concentration 
of nitrates formed from the decomposition and nitrification of animal 
and plant life which must have existed in the region at the time that the 
valley was filled with water. Owing to the limited distribution of these 
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nitrates, they are not considered of much commercial importance, and 
the same may be said of all other deposits so far discovered in this 
country, 

Small nitrate deposits are also to be found in various other parts of 
the world, as in the Sahara, in Russian Turkestan, and in Egypt, where 
nitrate earths occur which contain about 15 per cent. of calcium and 
sodium nitrates. The earth has long been used locally as a fertilizer, and 
its use is supposed to be increasing. The source of the nitrates in this 
region is not known, 

All known deposits, however, which occur, like the ones just referred 
to, in various desert regions throughout the world are insignificant com- 
pared with the well-known deposits in the deserts of Atacama and Tara- 
paca in the north of Chile, These deposits command a great deal of 
interest, not only on account of their commercial importance, but also 
for the many attempts which have been made to explain why the quantity 
of nitrates in this particular region should be so large compared with 
any other known deposit. 

The first shipment of nitrates to Europe from Chile was made in 
1825. Since then the annual exportation has continuously increased 
until in 1912 the total quantity exported amounted to 2,485,860 tons 
of which 1,925,590 tons went to Europe, 469,100 tons to the United 
States, and 91,170 tons to other lands. 

The arid region in which the nitrates are found extends for about 
430 miles between 13° and 25° south latitude and lies between the 
Andes in the east and the Coast Range on the west. This area lying 
between the two mountain ranges does not form a continuous valley, 
but is broken up by transverse ranges into a series of elevated basins or 
plateaus. These plateaus are generally flat or undulating, and have an 
elevation from less than 2,500 feet to more than 5,000 feet. They have 
a general slope from the foot of the Andes towards the Coast Range, and 
as a result the lowest part of this plateau region, or pampa as it is called 
in Chile, lies along its western border where it joins the foothills of the 
Coast Range. It is along this zone that the nitrate deposits occur. The 
surface of the surrounding region is dry and sandy and vegetation is 
totally absent. 

The nitrate beds as they occur in different parts of this region vary 
in thickness up to about six feet. They are usually found at or near the 
surface, but may in some cases be covered with an overburden to a depth 
as great as thirty feet. The nitrate deposits are never found pure, but 
are always mixed with sodium chloride and other salts, and are impreg- 
nated with insoluble earthy material, Crude nitrate may sometimes run 
as high as 60 to 70 per cent. of sodium nitrate, but a deposit running 50 
per cent. is considered high-grade material. Material containing less 
than 16 per cent. is too low grade to be mined at a profit at present. 
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The source of these deposits is a subject which has given rise to a 
great deal of discussion. Many theories have been advanced to account 
for the origin of the nitrates, but all appear to fall short of adequately 
accounting for all the conditions under which the nitrates are found in 
Chile. It is generally considered that an organic source is the most prob- 
able, but there have not been lacking explanations for the formation of 
these nitrates which have been based on inorganic agencies. 

Thus one of the theories advanced is that the nitrates may have re- 
sulted from electric storms occuring in the Andes. It has been suggested 
that the nitric acid which is formed in this way by the oxidation of the 
nitrogen of the air becomes changed into calcium nitrate on coming in 
contact with the limestone of the mountains, and that this in turn on 
being washed down into the pampa region has been converted into 
sodium nitrate in coming in contact with the sodium salts already exist- 
ing there. It has also been stated that at certain seasons of the year 
there is a great deal of static electricity in the air over the desert region, 
owing to the strong winds and the extremely dry climate, and that the 
nitric acid which is formed as a result of this condition is carried to the 
ground by the moisture in fogs which drift in from the sea. 

The view has also been advanced that the nitrogen in the Chilean 
nitrate may have come from nitrogenous fumes given off by volcanoes in 
* the Andes, It has already been pointed out that nitrides and ammonium 

salts are sometimes found in the vicinity of volcanoes after an eruption, 
‘but whether these compounds result from the direct fixation of atmos- 
pheric nitrogen near the mouth of the volcano, or from some combined 
form of nitrogen already present in the earth is not known, but the 
former view is the more probable. It has been shown, however, that the 
source of the nitrogen is not organic. 

It has been claimed by some that alkali carbonates are able to bring 
about the fixation of atmospheric nitrogen into nitric acid in the presence 
of oxidizable matter, and Pissis® expressed the opinion that the niter 
beds in Chile were formed in this way. It was pointed out that the 
decomposition of feldspar rock in the region of the Andes supplied alkali 
carbonates, while the protoxide compounds of iron which are common in 
the rocks of the pampa are easily oxidized under ordinary conditions to 
form peroxide compounds of iron. The view was accordingly put for- 
ward that the alkali carbonates in contact with rocks of this kind brought 
about the oxidation of the nitrogen of the air with the ultimate forma- 
tion of nitrates. 

Perhaps the most far-fetched attempt at an explanation of the origin 
of these deposits was that presented by a writer’ in the Comptes Rendus 


6 ‘“Nitrate and Guano Deposits in the Desert of Atacama,’’ A. Pissis, Lon- 
don, 1878. 


7 Bordas, Compt. rend., 147, 924, 1908. 
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a few years ago. It was observed that pieces of glass left on the ground 
in the vicinity of the saltpeter mines in the Province of Aconcagua, 
Chile, became colored blue in a short time, while samples of the same 
glass exposed on the roofs of buildings to the direct rays of the sun 
remained colorless, ‘This suggested the possibility of the soil in the 
vicinity being strongly radioactive, which was thought to be confirmed by 
the action on photographic plates properly protected and subjected to an 
exposure iti the ground for a month. It was suggested that the radio- 
activity of the soil as indicated by these experiments might have had 
something to do with the formation of nitrates in this part of Chile. It 
is now known that all soils are slightly radioactive and to approximately 
the same extent. 

None of these views which have suggested an inorganic mode of 
formation for the Chilean nitrates have received very general acceptance. 
Much more credence is given to the theories that the nitrates found in 
the deserts of northern Chile have resulted from the decomposition of 
organic matter brought into the basins in which they are found from 
outside sources, 

One of the most popular of these theories suggests sea-weeds as the 
source of the nitrates. The explanation is given that in past ages the 
pampa regions were sea beaches, and that an enormous amount of sea- 
weed was piled up on them. In course of time the beaches were elevated 
above sea-level, and the collected sea-weeds in decaying under arid condi- 
tions decomposed in such a way that the nitrogen present was converted 
into nitrates, and the iodine into iodates. It may be pointed out in this 
connection that immense groves of giant kelps are now to be found aloug 
the Pacific Coast of North America, and that the proportion of iodine to 
potash in the dry plants is about the same as is to be found in the crude 
niter of Chile. The ratio of nitrogen to potash in the former, however, 
is very much less than in the latter. 

There are many objections which may be offered to this theory. 
Thus, if the niter came from sea-weed it must necessarily contain bro- 
mine as well as iodine, since both are present in this source, and there 
is no known natural process which can bring about the separation of 
bromides and iodides, So far as known, however, bromine has not been 
found in any of the nitrate deposits of Chile; whereas, from analyses 
made by the writer, the bromine in the giant kelps of the Pacific, for 
example, is of the same order as the iodine. 

Again, sea shells are never found in the nitrate beds, and the stones 
in the neighborhood are sharp and jagged and show no signs of being 
worn by water as they must necessarily have been if they had at one time 
existed on a sea beach. 

Perhaps the best known theory which has been advanced to explain 
the origin of these nitrates is that they have been derived from the 
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decomposition of ancient guano deposits. In defending this theory Pen- 
rose® has assumed, in the same way as those who favor a marine origin 
for the nitrates, that the pampa region was once a part of the ocean 
bottom, but as the region gradually rose it became a more or less enclosed 
basin. At this time guano beds were supposed to have been deposited - 
along the borders of these waters, just as they are now deposited in the 
neighboring shores of the Pacific, It is considered quite possible that 
marine plants might also have collected in the basin at the same time, 
and that these constituted the source of the iodine, although it is pointed 
out that this element might also have originated in minerals, or mineral 
springs occurring in the region. The formation, as suggested, of inland 
basins of sea-water, which would ultimately evaporate, would furnish 
also a source for the common salt associated with the nitrates, as well as 
for the soda of the nitrates. 

The guano theory, however, has been objected to on the ground that 
no accumulation of phosphate has ever been found in the nitrate country, 
and such must necessarily occur in amount corresponding to the nitrates 
if the latter have been derived from guano. It is argued, on the other 
hand, that such phosphates may actually exist, but that they have not 
yet been discovered, and it is further explained that the absence of the 
remains of birds and of sea shells may be accounted for on the ground 
that sufficient time has elapsed since the beds were deposited to admit of 
the decay of all such materials. 

There is still, however, a further objection which applies to both the 
sea-weed and guano theories. Thus, if the region was at one time a sea- 
beach it must have taken ages, as Newton has pointed out, for the nitrate 
pampa to be elevated to its present level. During these ages the region 
must have passed through varying climatic conditions, including most 
probably rains. It has, therefore, been argued that the nitrate deposits 
are, geologically speaking, of very recent origin. 

In suggesting another organic source from which the nitrates may 
have been derived, Kuntze has called attention to the fact that vicuifias, 
and llamas, which are at home in this portion of the Andes, have the 
peculiar habit of always depositing their manure in one and the same 
place. Immense herds of these animals are supposed to have roamed 
over the region from time immemorial, each herd having a definite 
dunging place at some convenient point. As the manure accumulated its 
nitrification would progress rapidly under the prevailing arid conditions. 
The common salt would be derived from the urine and excrements, while 
the decomposition of rocks throughout the region is considered sufficient 
to account for all other salts occurring in the crude niter, 

Newton® is of the opinion that the source of the nitrates is the 


8 Jour. Geol., 18, 1, 1910. 
® Jour. Soc. Chem. Ind., 19, 408, 1900. 
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organic matter occurring in the soil of the great plain lying between the 
nitrate beds and the Andes. It is pointed out that there exists in this 
region all the conditions which favor the rapid conversion by nitrifying 
bacteria of the nitrogen of organic matter into nitrates. The soil is 
porous and basic in its nature, and contains organic matter chiefly of 
ancient vegetable origin ; the temperature is high and, on account of the 
absence of rain, there is no growing vegetation to absorb the nitrate, and 
therefore it must accumulate. The mountain floods which swamp the 
plain once in every seven or eight years are considered chiefly responsible 
for transporting and concentrating the nitrates from the superficial 
layers of the pampa soil to the lower western part of the pampa region 
where the deposits are found. The nitrate deposits are thus looked upon 
as the concentrated fertility of the thousands of square miles of land 
between the watershed of the Andes and the Coast Range. It is admitted 
that electrically generated atmospheric nitrate may also be present. 

Headden*® has suggested that the nitrates of Chile may have been 
formed by the direct fixation of the nitrogen of the air by nitrogen fixing 
bacteria in the same way as accumulations of nitrates have been shown to 
have been formed in certain soils of Colorado, 

It is apparent from the views which have thus been advanced to ex- 
plain the origin of the Chilean nitrates that no single theory has yet been 
proposed which is adequate to account for all the conditions under which 
the deposits are found, and it seems most probable, as some have sug- 
gested, that instead of being formed in one way only, the nitrates owe 
their origin to several sources. 


10 Col. Agr. Expt. Sta., Bull. No. 155. 
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ETHNIC FACTORS IN INTERNATIONAL RELATIONS 


By Professor MAURICE PARMELEE 


COLLEGD OF THB CITY OF NEW YORK 


ggg are many factors which influence international relations. 

Among the most important are language, culture, religion and 
commerce. If the peoples of two countries speak the same language 
intercourse between them is much easier and sympathetic relations are 
likely to exist between them. If two nations are of about the same cul- 
ture with respect to the development of science and art, the diffusion of 
knowledge, moral standards, etc., this culture is likely to serve as a bond 
of union. But if the cultural differences are great they may give rise to a 
feeling of antipathy, or, to say the least, the one nation is almost certain 
to look down upon the other nation as being of a lower grade of culture. 
If two nations are of the same religion this may serve as a bond of union. 
But if they are of different religions this difference may give rise to hos- 
tility, especially if one or both of these religions are of a militant sort. 
If two nations have commercial relations which are to the mutual bene- 
fit of both they are almost certain to remain on friendly terms with each 
other. But if they are rivals in commerce such rivalry is very likely to 
lead to hostility and sometimes to war. 

In this article we are to discuss the part played by ethnic factors in 
international relations. That is to say, we shall try to ascertain to what 
extent and how ethnic differences between the peoples of nations affect 
the relations of those nations towards each other. These differences are 
with respect to external anatomical characteristics such as stature, facial 
features, the color of the skin, the character of the hair, etc., and with 
respect to the internal organs, such as the brain, and the nervous system 
in general, the heart, lungs, etc., all of which play a part in determining 
the psychic characteristics of a people. It is, however, very difficult to 
segregate these factors and to study their effects because they are inex- 
tricably mingled with the other factors which have been mentioned. 
This is true, in the first place, because these ethnic characteristics have 
their influence in part indirectly through the other factors. That is to 
say, the language, culture, religion, etc., of a people are determined in 
varying degrees by these ethnic characteristics. But it is very difficult 
to determine in any specific case to what extent this is true as compared 
to the influence of physical environment and such chance circumstances 
as relations to other peoples. 

It is also difficult to determine how ethnic differences influence 
international relations directly. These differences frequently give rise 
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to feelings of antipathy, as when the color of the skin or the facial fea- 
tures of one ethnic stock are regarded as ugly, if not repulsive, by 
another, or when the odor of the skin of one ethnic type is unpleasant to 
another. But it is evident that in some, if not all, of these cases esthetic, 
and sometimes moral and religious, ideas as well are involved, so that 
these antipathies are due in part, and perhaps sometimes entirely, to cul- 
tural differences. It would, therefore, be difficult to say in the case of 
any one of these antipathies whether it would exist on the basis of the 
ethnic difference alone if the cultural differences were lacking. 

It is now evident that this article must consist largely of a study of 
the degree and permanence of ethnic differences. Since our interest is 
mainly with respect to the future the discussion may take the form of 
an attempt to answer two questions. The first is as to whether ethnic 
differences are sufficiently great to keep the contrasted ethnic stocks 
permanently in different cultural statuses. The second is as to whether 
these differences are sufficiently great to prevent a final amalgamation 
of all the ethnic stocks. In a word it is a question of the possibility and 
probability of cultural and ethnic uniformity in the future. 

There have been many theories as to the part played by ethnic char- 
acteristics in determining the culture of a people. At one extreme we find 
such a writer as Gobineau, who in his treatise on the inequality of the hu- 
man races tried to prove that there is a great deal of difference between 
the ethnic stocks as to their capacity for culture. At the other extreme 
is Boas, who insists that there is practically no difference between the 
ethnic types in their capacity for culture. It is evident that many of 
the physical differences between the ethnic types do not imply mental 
differences. For example, color is in the truest sense only skin deep, 
and is a racial adaptation to climate. Stature, the shape of the nose, 
etc., do not in themselves involve specific mental characteristics. But 
great differences in the brain and the rest of the nervous system, and in 
certain other of the viscera, would necessarily involve important mental 
differences and therefore variation in the capacity for culture. Such 
differences would be in the instinctive, intellectual and emotional 
make-up of the representatives of the type. Let us see how probable it 
is that there are such great differences. 

There is a certain amount of variation in the size of the brain be- 
tween the different ethnic types, but it is not at all certain that this 
variation is sufficiently great to cause any material difference in mental 
characteristics. This is indicated by the fact that as great variation is 
to be found in the brains of the members of the most civilized peoples 
and even among the ablest representatives of these peoples. In the 
structure of the brain and of its cells, also, there is probably no great 
variation, though such variations would be of even greater significance 
than variations in size. In similar fashion, in the rest of the nervous 
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system there is probably no great variation between the ethnic types. 
When, however, we come to some of the other viscera, such as the heart 
and the lungs, controlling the circulatory and respiratory processes, the 
variations are probably somewhat greater as the necessary result of 
adaptation to climatic conditions. It is unfortunate that we do not 
have a larger amount of data, and more accurate data, as to ethnic 
differences. But what we do know seems to indicate that in the funda- 
mental instinctive characteristics there can be no great differences be- 
tween the ethnic types. In similar fashion it is doubtful if there can be 
very much variation in the intellectual capacity of these types. But in 
the emotional make-up there may be considerable variation, because, ac- 
cording to the prevalent psychological theory as to the nature of emo- 
tions, the emotions are determined in large part by the processes of cer- 
tain of the viscera, such as the heart and lungs, and we have seen that 
there may be considerable variation in these viscera between the dif- 
ferent ethnic types. 

Let us now survey briefly the peoples of to-day with respect to this 
relation between ethnic characteristics and culture. If we take the 
primitive peoples the first and most important thing to be noted is that 
these peoples represent all the ethnic types. If there was a close corre- 
lation between ethnic characteristics and culture it would be expected 
that these primitive peoples would belong to one or only certain ethnic 
types, while the civilized peoples would belong to other types. Further- 
more, studies which have been made of certain primitive peoples seem 
to indicate no great differences in mental characteristics from civilized 
people. For example, the Cambridge University Anthropological Ex- 
pedition, which studied some of the most primitive peoples in the world 
in Australia and Melanesia, found no great differences in the senses 
and the mental processes of these savages. Dr. Myers, the psychologist of 
the expedition, came to the conclusion that so far as innate mental ca- 
pacity is concerned these savages are of about the same grade as Euro- 
pean peasants. These facts seem to indicate that the low culture of these 
primitive peoples is to be attributed principally to environment and to 
such circumstances as lack of contact with other social groups. 

Turning now to the civilized peoples, we find a similar heterogeneity 
of ethnic type. For example, in Europe we find such heterogeneity in 
every nation. And yet it is popularly supposed that the culture of each 
people is due largely to peculiar ethnic characteristics. Thus we hear 
the culture of the French nation attributed to the “Gallic race,” the 
culture of Germany attributed to the “Teutonic race,” ete. But the 
researches of the ethnologists have revealed the fact that in France, for 
example, are represented all the principal European ethnic types. Thus 
in the north of France the Nordic race is predominant, in the central 
part the Alpine race is predominant, while in the southern part is to be 
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found in large numbers the Mediterranean race. Thus it is evident how 
difficult it would be to trace the peculiar features of French culture to 
peculiar ethnic characteristics. In similar fashion in Germany the 
Nordic race is most prevalent in the north, while the Alpine race be- 
comes predominant in the south. Such movements as the Pan-Ger- 
manic movement and the Pan-Slavic movement are frequently regarded 
as having a peculiar ethnic significance, but, for example, in the coun- 
tries which constitute Pan-Slavism, namely, Russia and certain of the 
Balkan countries, all of the European ethnic types are represented, and 
also a considerable intermixture of Asiatic blood. The Jews present a 
similar example of this error. Most of the Jews themselves, as well as 
most non-Jews, regard the Jewish people as a distinct ethnic type. But 
ethnological research has shown that there is a great deal of variation 
between the Jews in different countries, so that it is evident that 
through intermixture the Jews have lost ethnic unity. The peculiar fea- 
tures of their culture are due to their history and social status rather 
than to these ethnic characteristics. So far as such movements as Pan- 
Germanism, Pan-Slavism, Zionism, etc., try to preserve characteristic 
cultures, they may be of great value. But when they give currency to 
mistaken ideas of ethnic unity they may do a great deal of harm. 

Such mistaken ideas of racial identity have frequently furnished 
the basis for a national self-consciousness which has led to an assump- 
tion of superiority over and hostility towards other races. A realization 
of the fact that the cultural status of a people is frequently due mainly 
to its environment and circumstances rather than to its ethnic character- 
istics would ameliorate these hostile relations. Furthermore, these facta 
suggest the possibility of a uniformity of culture the world over, which 
possibility we shall discuss later in this article. 

Let us now consider the second question proposed, namely, with re- 
gard to the possibility of a final racial amalgamation. This is, of 
course, largely a question of the feasibility of crossing between the prin- 
cipal ethnic types. There are three of these types, namely, the white or 
Caucasian, the yellow or Mongolian, and the black or Negro. We have 
already discussed how antipathies may arise between ethnic types. We 
have seen these antipathies may arise from cultural differences such as 
different esthetic ideas. Thus where antipathy is based upon difference 
in skin color or facial features it is largely, but not entirely, an esthetic 
matter. Where an antipathy is based upon such a thing as difference in 
odor it may seem to be innate in its origin and therefore permanent. 
But even such an antipathy may be partly or largely the result of a dif- 
ference of taste and therefore due to cultural differences. In fact, it is 
very difficult to determine whether any antipathy is innate and there- 
fore an insuperable barrier between races. If there is no such innate 
antipathy, with uniformity of culture all antipathies should disappear. 
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Such a final racial amalgamation would then seem to be possible. How- 
ever, there may be other obstacles in the way, and in any case it is not 
necessarily advisable to work for such an end. This is a question I will 
discuss a little later. 

Let us now consider what have been and are the actual relations be- 
tween these ethnic types. The whites and the yellows have already 
mingled to a large extent, so that a considerable proportion of the popu- 
lation of Asia is a cross between the white and yellow races. They have 
also mixed to a slight extent in Europe. These facts seem to indicate 
that there is no very serious antipathy between these two types. It is 
true that at present there is a good deal of hostility between these two 
races, but this is undoubtedly due in large part to cultural differences 
and political difficulties. 

In his relation to the black, the white has shown a good deal more 
antipathy. The reasons for this are very evident, since the differences 
between the white and the black are much more striking in appearance 
and much more obvious. And yet even between the white and the black 
there has been a good deal of mixture. In northern Africa the two 
races have been mixing for thousands of years, and even in Europe we 
find traces of a slight amount of mixture in the past. In America we 
find curious differences in the extent to which the white and the black 
has mixed. In North America, the Anglo-Saxon has, to a large extent, 
stood proudly aloof from the black, though he has frequently conde- 
scended to illegitimate relations with women of color. But in the south- 
ern part of North America, in Central and South America, the Portu- 
guese and Spaniards have mixed very largely with the blacks and have 
displayed comparatively little of the usual antipathy. These facts sug- 
gest that this antipathy of the white to the black may not be as funda- 
mental as it appears, and is due to esthetic ideas and cultural differences 
and also perhaps to the consciousness of the fact that the blacks until 
very recently were uncivilized and slaves. 

Between the yellows and the blacks also there has been some display 
of antipathy, though it may not be as great as between the whites and 
the blacks. 

I have said nothing about the American aboriginal type. In Latin 
America this type has been assimilated very largely by the white, while 
in Anglo-Saxon America it has become almost extinct. 

These facts seem to indicate that these racial antipathies are not as 
innate or as permanent as they seem to be. But this does not mean that 
there are no other obstacles in the way of racial amalgamation. Each 
of the ethnic types evolved in a more or less characteristic physical en- 
vironment, and is, therefore, adapted to such an environment. Thus 
the negro is adapted in his color, physiological processes and tempera- 
ment, which is due largely to emotional characteristics, to a tropical cli- 
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mate. In similar fashion the white is adapted to a temperate climate. 
Now it may be that neither of these types can become permanently 
adapted to another climate. The evidence as to this is as yet inconclu- 
sive and rather conflicting. But even if such adaptation could finally 
take place it may hardly be worth while to attempt it, since the process 
of readjustment would be rather painful. So that for these climatic 
reasons it may be preferable for the principal ethnic types to remain 
distinct. 

If these types do remain distinct, the very important question arises 
as to whether they can persist side by side on an equality with each 
other, or whether some will necessarily remain permanently subject to 
others. This will probably depend, in part, upon the relative prolificness 
of these races. That is to say, the more prolific races will, in the long 
run, have the advantage so far as numbers are concerned, but it will 
also depend, in part, upon the possibility of a uniform world-wide culture. 
That is to say, if a race proves incapable of attaining to as high a cul- 
ture as other races, however prolific it may be, it may still remain sub- 
ject to another race because of the advantage that a higher culture gives 
that other race. It is believed by many that this may prove to be the 
case for the negro race. However, we have seen that there is probably 
no great difference in intellectual capacity between the different ethnic 
types. There may, however, be a good deal of difference in emotional 
characteristics, which play an important part in determining tempera- — 
ment, so that if the negro or any other race remains subject perma- 
nently to another race it will probably be due to such emotional char- 
acteristics. 

We have now discussed very briefly some of the facts and proba- 
bilities as to the part played by ethnic factors in international relations. 
We must now consider what practical deductions may be drawn as to 
international relations in the future, especially with respect to war. In 
the first place, a dissemination of knowledge as to the theory of evolu- 
tion and of the ethnic relations between peoples ought to have much 
effect in lessening racial prejudice, removing many international antipa- 
thies, and promoting international comity. If it were generally known 
that all the ethnic types have a common ancestry, and that many na- 
tions are similar in their ethnic make-up, it should have a good deal 
of effect towards accomplishing these ends. For example, to take a 
concrete illustration, if it were generally known that northern France 
is more like northern Germany ethnically than it is to southern France, 
and that southern Germany is more like central France ethnically than 
it is to northern Germany, this knowledge ought to have a good deal of 
influence in promoting international good feeling between France and 
Germany. 


In the second place, it will probably on the whole and in the long 
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run be well to develop as fast as possible a world-wide cultural uniform- 
ity. I am well aware of the objections that some have to this. They 
fear that such a dissemination of culture will deprive the whites of their 
power over many subject races, and may in course of time even give 
these races the ascendency over the whites. It is true that such uniform- 
ity of culture will quite probably lead to the emancipation of these sub- 
ject races, but this will in all probability be to the benefit of these races 
and may also prove to be to the benefit of the whites as well. Further- 
more, it is hard to believe that such uniformity of culture could ever 
lead to the subjection of the whites, because the very fact of uniformity 
would imply equality between the races of the world. 

When we turn to the question of a final racial amalgamation, it is 
hard indeed to draw any practical deductions. There is a great deal of 
difference of opinion as to the advisability of miscegenation or the cross- 
ing of races. It is, of course, to a considerable extent a question of 
whether the races being crossed are equal in capacity or whether the one 
is superior to the’ other. If they are equal it would appear as if there . 
should be no loss as a result of the crossing and if anything a gain. If 
the one is superior to the other it may lose as a result of the crossing 
but, on the other hand, the inferior one ought to gain so that the loss 
ought not to be greater than the gain. However, we have seen that it is 
hard to determine whether any race is materially superior or inferior 
to the other races biologically and psychologically so that it may be that 
the races should be regarded as being practically on an equality for pur- 
poses of crossing. But regardless of the question as to whether the races 
being crossed are equal or not there is the further consideration as to 
whether their characteristics are such as to make a happy combination. 
We can not judge very well as to that now but Mendelian investigation 
may furnish us a basis for judging in course of time. 

Non-biological writers usually regard human hybridism as a bad 
thing when it is the result of a crossing between a so-called superior 
and a so-called inferior race. Their opinion is based upon the fact that 
these half-breeds are frequently failures in society. But such failure is 
usually due to social factors though these writers attribute it to the in- 
born traits of the half-breeds. Biologists regard hybridism in general 
as a good thing in the animate world at large and as an important factor 
in organic evolution. Biologists who have discussed human problems 
and anthropologists who are well grounded in biology have usually re- 
garded human hybridism as a good thing and as an important factor in . 
human mental and social evolution. So that it is probably true that 
human hybridism in general is a good thing. However it would not be 
safe to argue from such a general principle in every specific case. It 
may be that under some conditions such as have been suggested above 
miscegenation is not a good thing. Furthermore it is true that if a gen- 
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eral movement towards a final racial amalgamation began many difficul- 
ties would arise as a result of, the intimate contact of the races during 
the long period which this process would take and it might be ques- 
tioned. whether the benefits to be gained by a final amalgamation would 
more than counterbalance the difficulties of the transition period. And 
in any case, as we have seen, for climatic reasons such amalgeneeys 
may never be possible. 

It is now evident that there are three possibilities as to ethnic rela- 
tions in the future. The ethnic types may always remain distinct, 
though there will always be a certain amount of crossing between them” 
as there always has been, while the different cultures will also reniain 
distinct. Or the ethnic types may remain distinct but culture will be- 
come uniform the world over. Or a final racial amalgamation may fake 
place with a uniform world-wide culture. Uniformity of culture would 
be the almost inevitable accompaniment of racial amalgamation so that 
we need not recognize the possibility of such amalgamation with a di- 
versity of culture. I would not dare to express an opinion as to which 
of these possibilities is most likely to take place. But it is to be hoped 
in the interests of international peace that in the course cf time there 
will be more or less uniformity of culture at least so far as political. or- 
ganization, moral ideas and systems of law are concerned. ‘ 

The preceding has necessarily been a very brief discussion of a great 
subject and I regret very much that I have not the space to apply the 
broad generalizations which have been suggested to concrete examples. 
But I hope the discussion has been sufficient to indicate the importafice 
of taking into consideration the ethnic faetors-in all international rela- 
tions, as, for example, in the relations of two great European nations 
such as France and Germany, in the relations of a powerful natiof® to 
its subject. peoples as the British in India, and in the relations of a great 
Occidental and a great Oriental country such as the United States‘@nd 
Japan. ae 
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PORTRAIT OF INNOCENT X., by Velasquez. Doria Gallery, Rome. 
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PLEASURE IN PICTURES 


Bry ROSSITER HOWARD 
I. UNaccustToOMED POWER OF VISION 


( tastes in pictures do not by any means agree—even those of very 

wise critics, who ought to know the good from the bad. We might 
get into all sorts of difficulties with the words good and bad; but most of 
us look at pictures because we enjoy them, and our varying choices have 
some elements in common. These common factors are a sort of mini- 
mum wage which we ask in return for our attention, and our pay must 
be immediately convertible into pleasure. 

Perhaps the requirement most nearly universal is that a picture shall 
look like what it is intended to represent, The popular ideal of art has 
always been to paint grapes so nearly like the real fruit that the birds 
will peck at them, and the only excuse for not responding to this wide- 
spread demand is that the artist is unskillful. 

The people’s doctrine has good evolutionary reason back of it. 
Vision was first developed in the animal by its use in recognizing objects, 
and recognition is still its chief function and greatest pleasure. The 
easier the recognition, the greater our sense of capacity ; and perhaps the 
largest element in the enjoyment of pictures is the sense of unaccustomed 
capacity of vision. We notice this most easily in a portrait that is a 
“ striking likeness ;” that is, one that gives us such a sense of the person 
represented that we react to it more than we should to a view of the 
person himself, for we are not struck by the appearance of our friend. 
As we look at such a picture we have a visual experience keener than is 
our habit; our eyes have communicated to us the subject with great force 
and yet with ease. Though we may say that it is the artist who has been 
clever, the reason we believe so is that he has lent ability to our eyes. 
Our feeling is closely akin to the one we have in golf when with an easy 
swing of our club we feel the ball lifted and shot far beyond our ex- 
pectation; we experience an unwonted power within ourselves, and a 
consequent sense of abundant life. 

This portrait of “Innocent X.” by Velasquez shows us a man with 
whom we are not acquainted ; yet if we should enter the presence of this 
pope himself he could hardly have upon us the electrifying effect made 
by his portrait as we come upon it in a cabinet of the Doria Gallery in 
Rome. It is as though’some vital fluid were poured through our veins. 
Admiration of the artist’s ability plays no part in producing this first 
feeling. The forcefulness which causes our whole organism to react to 
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this painting is nothing else than clearness of statement, A photograph 
with every detail perfected lacks the clearness of this powerful portrait, 
where the insignificant is blurred or omitted in order that we may grasp 
at: sight the significant. The careful reasoning of a school text-book is 
not as lucid as the proverbs of “ Poor Richard,” which cause the mind to 
leap to a sure conclusion. In a picture the essential quality is clarity ; 
easy recognition is our experience of it. 

This is true even in a modern landscape where the rocks and trees of 
nature are but half revealed by morning mists. Though it seem that the 
charm lies in the very opposite of clearness, really the artist has pre- 
sented the clearest possible statement of the conditions of nature which 
are the spirit of misty dawn. Every element in the landscape which 
would be the same at any time of day, in all weathers, in all of nature’s 
varying humors, these he has almost obliterated in order that we shall see 
and feel what he saw and felt that early morning in the shimmering 
light. Now a man to whom a morning mist is only an obscurity will 
probably seek in this picture trees and rocks, and the mist will be to him 
a weariness of the soul; the picture to him is not clear and he finds no 
pleasure in it. A photograph is more like the place. On the other hand, 
we might be bored by the photograph’s insistent detail, which dissipates 
the expression of any nature quality; and we should find the painting 
a jewel of direct presentation of the subject. 

The theories of most of those ultra-modern painters who are grouped 
under the meaningless term “ Post-impressionist” are elaborate explana- 
tions of a similar aim to isolate some phase of our experience of nature 
for its simpler, and therefore clearer, presentation, Such a phrase as 
“the expression of our plastic consciousness” implies but the effort of 
the Cubist painter to communicate with extraordinary simplicity and 
force the perception of volume. It is of no importance to this discussion 
if the artist does not accomplish his purpose; it is the aim that we are 
seeking, 

Narrative pictures introduce an extension of this principle. Here is 
Carpaccio’s “ St. George and the Dragon,” told with delightful vivacity. 
We do not believe in dragons, and we may know nothing of St. George; 
but here is a fight with the hero triumphant, and if we have any imagi- 
nation we push on that spear as eagerly as we lean down the course while 
watching a hundred-yards’ dash—with this difference, that we doubt the 
outcome of the race, but feel sure of St. George. All the relations 
are clear. 

Our physical vision is satisfied with easy recognition of hero, horse, 
dragon and rescued princess; our mental vision interprets and relates 
these separate objects with unusual facility. Now as intellect is no less 
the product of evolution than is sight; as the primitive man who enjoyed 
its exercise developed at the expense of the lazy man; so to-day we are 
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led forward by delight in mental facility, and the primary pleasure in 
any clear narrative is the sense of unusual ease in realizing and cor- 
relating objects, figures, persons and their experiences. 

In proportion as a picture surpasses the usual in the clarity with 
which it presents its contents—things, thoughts and their relations—do 
we react to it, feel its force in our own enhanced physical and mental 
vision. Before a great work our powers seem so much more than ade- 
quate that limitation vanishes, and we have a glimpse of the infinite. 


II. CoNnstrucTIVE EMOTIONS 


The largest part of our pleasure in pictures is to see clearly and 
without effort, but still it makes a difference what we see. A painter, 
preoccupied with his craft, may care little about the subject, and a critic 
not infrequently assumes the artisan’s viewpoint; but the people have 
decided wishes. They require pleasantness, and their preference is 
the result not of stupidity but of instinct. To them an unpleasant sub- 
ject forcefully portrayed is but the more revolting; their aversion is 
reflex, and based upon a principle they do not need to understand in 
order to feel. It is as true in art as it is in nature, that the normally 
pleasant is what is constructive of life, and the unpleasant is the 
destructive. Nature’s encouragements and warnings which have pre- 
vented the animal kingdom from being wiped off the earth ages ago 
and which have developed man, have been at work also in art among 
all peoples at all times, producing similar results in absolutely uncon- 
\ nected schools. 

Individual tastes may be warped or even perverted by prejudice of 
education or other accident of time or place, but underneath is the 
broad principle that men like what they feel is life-giving. The more 
life we can get at the least expenditure of effort, the better we like it; 
decadents and degenerates are in this respect only abnormally near- 
sighted, looking constantly for bargains in experience, though it 
shortly kill them. Mere suffering, for example, is an art subject for a 
decadent; the intensest experience may be had for little effort, but is 
inevitably followed by a loss of vitality, or by a hardening of the 
sensibilities, which means enfeebled capacity for life. On the other 
hand, suffering as a necessary. condition of heroism may produce an 
experience of genuine life. It is less popular than the obviously 
pleasant only because it requires greater art to make the heroism easily 
distinguishable as superior to the suffering and because it requires 
greater intellectual vision to see it. In such art the principle is more 
subtly used, but it is not ignored. 

We may see this most plainly in dramatic paintings. This “ Pieta” 
“left unfinished by Titian was reverently completed by Palma,” as 
Palma himself has inscribed it. It may stand as the type of the beauti- 
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ful in tragedy. In conception it is supreme art, despite the faults of the 
lesser painter who finished it. The mother of Jesus looks on the body 
of her son with the deep, calm grief of heroic character; Joseph of 
Arimathea, a strong man of the formal sect of the Pharisees, is on his 
knees looking into the face of Jesus with the tenderness of a woman; 
Mary Magdalene, in uncontrolled passion, brings into relief the self- 
restraint and power of the Virgin; and the marble statues of the Old 
and New Dispensations .are raised in cold contrast with the human 
emotions below. We are not simply shown a harrowing incident; we 
are led into the experience of profound love, impossible to know with- 
out this suffering and expressed in monumental power. We feel each 
character in relation to the others, and the incident itself: becomes 
inseparable from these characters. 

In looking on this picture we live much, live deeply and rightly. 
We see far more than we ever could with our own eyes. We are lifted 
out of the circle of our habitual thoughts, and experience the deepest 
emotions that have led mankind from the animal into his high estate. 

In great dramatic pictures, closely associated with this principle of 
constructive emotions there is the element of heightened mental power. 
The easy grasp of the relations among the persons, and between them 





‘‘ PrpetA,” by Titian and Palma the younger. Academy of Fine Arts, Venice. 








“ PORTRAIT OF THE ARIIST.” by Rembrandt. Louvre Museum. 
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and the incident; the sense of the relations of all the thoughts in the 
picture—objects, figures, persons, characters, action, with the motives 
and results of action—built into an indissoluble organism, the infinite 
complexity of elements forming one great unit of thought, compelling 
in its clarity—this astonishing intellectual grasp which we have without 
effort is strongly stimulating. Our capacity is made to abound in re- 
newed strength. 

Both of these elements are present in our enjoyment of portraiture— 
eminently so in this picture of Rembrandt painted by himself when he 
was an old man. Knowing ones may pay their attention to the manner 
of the painting, but we laymen must feel that we are face to face with 
a man whose years have been rich in life. 

Yet we have here sure signs of poverty and weakening physical 
powers. Even if we had read nothing of Rembrandt’s life we might 
guess from this picture that he was poor and had little of the gentle- 
man about him. No one would be better pleased, however, if he were 
handsome or richly clothed; and this fact is so plain that we must at 
once accept those unpleasant conditions as a positive factor in creating 
our enjoyment. These very ills clear away the conventionalities of life 
and help to show us the real man. The hardships, the struggles, the 
failures which develop man also reveal him. It would indeed be im- 
possible to conceive of this character apart from its faults—a man led 
by profound desires athwart every rule of art and society into a vision 
calm, warm and powerful. 

It is not that we learn about this man out of histories of art and 
then apply our knowledge to the picture, nor is it that we deduce the 
character from the facts that are told us in the painting; rather, though 
our interpretation may be indefinite, we fee] it—that is, we apprehend 
it with our whole nervous system. Our eyes rest in quiet contempla- 
tion on the eyes of the old philosopher; if we look away, led by the line 
of the arm to the hands holding palette and brushes, we inevitably 
look back again at the head—longest and most meditatively at the far- 
seeing eyes. We seem to take on something of the old man’s personal- 
ity; involuntarily we feel ourselves standing as he is standing, though 
our actual physical position may not change; we forget, as he forgets, 
the material conditions of his life; we assume his mood and something 
of his larger character. Our individual readings of this picture will 
differ widely, according to our several temperaments and the knowledge 
and associations of art and life we bring to it; nor can we hope to come 
to an agreement through any analysis of facial expression. Even if we 
had a common science by which we could judge of character, Rembrandt 
had none; he was neither physiognomist nor phrenologist, but ashe 
saw with the inner eye so he painted. This is true of every great 
painter. To analyze their works gives us no sure interpretation, but to 
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analyze our experience of their works intensifies it and clarifies our 
vision. So in viewing any portrayal of character it is not our conscious 
reading of it that is significant; rather it is our subconscious imitation 
of the character that counts, bringing out some latent quality of our 
own—some quality which we feel to be good, — because it is 
life-giving. 

Again: in portraiture, great painters give us an insight into essen- 
tial life beyond that which we ordinarily have. While waiting for a 
train in a railway station we may spend our time “ studying life,” but 
how many of us, with or without great effort, can ever penetrate be- 
neath the thinnest superficialities? Not only are we unpractised; we 
are bound by the accepted judgments of society, and the most we can 
do is to pigeonhole the several types. But these great painters present 
to us a person we have never before seen, and give us an immediate and 
strong sense of his personality. Even though we disagree about him, 
we do so rather less than we do about our friends; for in relation to 
our neighbor our sight is distorted by a hundred influences. Rules of 
dress, etiquette and morals have blinded us to the eternal man who lives 
behind and above what we can see of him. Man strives outwardly to 
appear as his own society would have him, the perfect type of provin- 
cial—the New Yorker of 1914, the Parisian of such and such a period, 
or whatever; while within him isa life at once unique and universal. 
The illustrator gives us the provincial man. But the great character- 
painters show us through imperfections and through struggles, a life 
based on the everlasting instincts of the race and the principles that 
never change with our mutable standards; through unsymmetrical 
development and through wreckage, we see supreme man. We put off 
our blinding limitations and discern clearly. 

Where this heightened vision is combined with the emotions which 
nature has made us to enjoy because they are creative, our experience 
is one of abounding life. 


III. Harmony 
Every picture, and indeed every work of art, is like a song in that it 
consists of words and music—a statement and the sound, or form, 
through which the idea is conveyed. Half the world listens to the 
words and is more or less affected in mood by the music; the other 
half listens to the music and receives the words only as a suggestion to 
make definite the spirit of the music. It is not an analogy but a 
translation to say that the sensuous elements of a picture—lines, colors, 
lights—are visual music. 
Michael Angelo’s fresco “The Conabion of the Sun and Moon” 
gives us a feeling of overwhelming power. A titanic figure, accom- 
panied by a whirl of cherubim and preceded by a speeding seraph, 
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represents the creative force of Jehovah. Infinite Deity is not reduced 
to the figure of a man, but divine power is expressed in transcending 
harmony of line and movement. The head is great, but it would 
hardly satisfy us as a symbol of the Creator; the body is super-human, 
but physical strength can never mean God: the effect on us is rather 
in the uniting of these elements, and above all, of the lines of the 
figures and draperies, into a symphonic pattern of crashing harmonies. 

Let us see just what this means within ourselves, see how we react 
to harmony of design. The mechanical process of eye and brain we 
may leave to the psychologist, but we can recognize a certain sensa- 
tion which we have before all things we call beautiful. It need not 
trouble us if we can not agree on a definition of the word “ beautiful.” 
We may not be able to bound the town we were brought up in, but we 
know the look of it. We know that the appearance of a flower, a 
Persian rug, or a great picture, entirely apart from any meaning or 
association, produces in us a feeling of pleasure which for the moment 
drives out of us physical fatigue, desire or any sense of limitation. 
Beauty of design has been called “supreme order,” and harmony, if 
not the only principle involved, is by far the most important. “The 
Creation of the Sun and Moon” is an example of such beauty, and an 
analysis of the picture is helpful. 

The sweeping line of the Creator’s figure gives the theme of the 
composition. Around it is a system of repetitions of that theme, in 
different lengths and positions. The movement through this group and 
through the seraph is a larger development of the same curve. About 
the seraph is another system of lines, partial repetitions of the 
drapery fold from the left foot under the arm and continued over the 
back. The little folds over the seraph’s back are angular, but each dis- 
cord is repeated in slight variation so that we feel a clear relation be- 
tween them. The great black line of Jehovah’s arms is in discordant 
contact with the movement of the body, but the shock is a repetition of 
the crossings of the drapery about the figure, and the line is echoed in 

certain opposite diagonals. But what of it? Surely esthetic pleasure 
is not to be had in such dry analysis of line. Certainly not; the analy: 
sis is but a slow and painful following of what the eye feels at once,— 
a simple relationship of many elements. Harmony is an extraordinarily 
simple relationship of parts, and our experience of it is an unwonted 
feeling of clear vision. 

It might seem at first, then, that two or three squares set side by 
side would constitute the most perfect harmony. They would do so 
only in the sense that an octave is the most perfect harmony in music. 
_ Such an arrangement would not be extraordinarily simple, but ordinary 
in the last degree; the eye sees it with habitual recognition. But if 
those squares should change their proportions so that two of them 
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should seem to be supporting the central one, we should begin to be 
interested. As the complexity increases the eye finds exercise; as the 
simplicity increases the eye finds ease: it is the comparative simplicity 
of the exercise that is our experience of harmony. When our percep- 
tion of this simplicity is so effortless as to give us a sense of -unused 
capacity we feel an influx of life which we call an esthetic experience; 
its cause we call harmony. 

We may consider the work of art as a fraction in which the denomi- 
nator is the number and variety of the elements presented to us, and 
the numerator is the simplicity of their relationship; the effectiveness 
varies as the value of the fraction. Of course each of the elements of 
the harmony must in its turn be considered as a fraction, and so on. 

When in place of an influx or life we have from harmony the pleas- 
urable languor of an artificial nervous fatigue, the design will certainly 
at some time be called decadent. I once went in to the Alhambra in 
company with a keen-minded physician. For a moment he looked about 
the sensuously lovely court, and then said, “ Dope; that is the explana- 
tion of all this. The delight of those old sultans was in the nervous 
fatigue caused by this infinite, inextricable, beautiful detail. We have 
the same effect in certain modern music. 

“But after all this talk about harmony,” says some student of 
theory, “the effectiveness of this picture by Michael Angelo is caused 
as much by rhythm.” Rhythm is one form of harmony. We find it 
simplest in a swinging walk or easy run, in which we feel that the left 
foot treads stronger than the right. A child makes the form clearer 
by elaboration when he puts in a little shuffling hop after each step, and 
calls the movement “skipping.” Rhythm is no more nor less than 
harmony between groups of impulses. The principle is the same in 
the simplest drum-beat and the most elaborate rhythms of Richard 
Straus, Botticelli, Isadora Duncan, or Shakespeare; the feeling of it 
communicated to you through your ear, your eye, physical action, or 
pure thought. The excitement of movement is changed to the stimula- 
tion of rhythm by the principle of harmony. 

As with rhythm, so with all harmony—it may be expressed it in lines, 
colors, sounds, ideas. Different systems of harmony in these and other 
realms, are caused by the thought-habits of their authors; and so with 
the different theories which explain conflicting systems. We have 
most of us had this difference between senses of order brought home to 
us. Our books and papers are arranged according to their contents; 
the maid comes in to clean; when we return we find everything nicely 
arranged according to size and eolor. There is some such difference 
between the classical painter and the impressionist; both are right and 
neither can hope to enjoy the harmony of the other. 

But the design in “The Creation of the Sun and Moon” is not 











166 THE POPULAR SCIENCE MONTHLY 


merely beautiful; it is also strongly expressive. This is so partly be- 
cause when we are given the right suggestion for our feelings by the 
subject and by the great physical and spiritual power of the Creator 
and the rushing host of heaven, our sense of these things and of the 
mood they suggest is vastly increased by the inrush of life we experience 
from the harmony. Many a painter has used the same color scheme for 
a Nativity and a Crucifixion. But in this fresco of Michael Angelo’s 
the lines have a tremendous sweep; we do not merely judge them 
appropriate ; as our eye swings through them, meeting successive shocks 
from the cross movements, our nervous reaction is similar to that which 
we have in watching a stormy surf on the rocks. The expressiveness 
of lines and colors in a picture is in the awakening of physical reaction 
similar to that accompanying the moods of real life. More; if we 
accept the modern theory that the feeling of reflex physical reaction con- 
stitutes emotion, we must find this method of expression even more 
direct than that of statement, which has to pass through our intellect 
before we feel it. The physical causation of emotion is a separate prin- 
ciple from that of harmony, though the two are interactive. 

In Nos. I. and II. I have tried to show that the most universal en- 
joyment of pictures is in the enhancement of life felt in a heightened 
power of vision when we see any object presented with compelling clar- 
ity; that a general element in our experience of narrative pictures is 
simply an enlargement of this principle to the mental perception of 
persons and their actions; that a further extension is found in the 
increased spiritual vision given us in the portrayal of character; and 
again in the relation of characters and events in dramatic painting. 
The principle of harmony is based on the same evolutionary fact—the 
sense of abundant life resulting from enhanced perception. It is a 
powerful factor in leading mankind beyond the mechanical vision of 
logic into the unfathomable relations of the universe. 
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APICULTURE IN THE TIME OF VIRGIL 


By GEORGIA WILLIS READ 


é tewe science of apiculture, as it is understood to-day, is the slow 

growth of centuries of human observation and investigation. For 
unnumbered ages it has been a work of interest to man to reclaim these 
singularly untamable insects from the state fere nature to that domite 
nature, as the legal phrase has it—to render their natures sufficiently 
tractable to enable man to appropriate to himself the benefits of their 
toil. Though bees have responded to the process of domestication less 
readily than almost any other of the forms of wild life which man has 
subjected to his control— since even to-day, after thousands of years 
of cultivation, they slip back easily and completely into their aboriginal 
state when opportunity offers—man’s efforts to this end have been un- 
remitting, his interest in this task has never flagged. Who knows but 
that the missing link or an even more remote progenitor sacked the city 
of the bees for its rich spoil, and handed down to man the instinct for 
this conquest? Always within the memory of man, at any rate, as the 
ancient Romans used the phrase, meaning thereby always within the 
bounds of tradition, honey has been esteemed as a delicacy for the 
table, and as a valuable condiment in wine-making. The ancient Egyp- 
tians, whose very cities have long since crumbled to dust, prized their 
swarms of bees, which they kept in earthenware vases much as the 
natives of Africa and Asia do to-day ; while it is by no means uncommon 
to find in histories of ancient races mention of honey as a dainty and a 
thing of price. 

By the time that Virgil wrote his rambling treatise on bees, on their 
characteristics and their manners, their habits and their needs, api- 
culture was recognized as an important branch of husbandry. In 
Virgil’s estimation it ranked apparently with the more universal inter- 
ests of agriculture, the raising of crops and the care of cattle, since 
of the four books that he wrote on this group of subjects, one is entirely 
devoted to the culture of bees. In it he gives with patient, painstaking 
care, a complete guide to practical beekeeping as it was understood in 
those days, and adds, one can not help thinking for his own pleasure 
primarily, countless charming apicultural fancies and fables which he 
had heard. Though the theories as to the life and habits of bees which 
were held by the most intelligent men of that age, bear no stamp of that 
absolute and unimpeachable precision which exact science imparts to 
any subject, one can but marvel at the frequent correctness of their 
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intuitions and the general propriety of their observations, passing over 
with uncensorious leniency the startling inaccuracy of certain of their 
conclusions. 

Maeterlinck, in that remarkable life of the bee in which he weaves 
with threads of purest fact such a marvellous woof of poetry, passes 
poor Virgil’s Georgic by in impatient haste as giving merely the legend 
of the bee. “All that we can glean therefrom, which indeed is exceed- 
ingly little,” he says summarily, as he passes on to other fields. With- 
out doubt, his conclusion is just. Virgil sang in an age whose ignorance 
was vast, whose myths were many, and to one who searches for knowl- 
edge from the vantage ground of to-day his poem is barren soil. But 
to the student of human attainment, of man’s gradual triumph in 
wringing from the natural world the basic truths of science, the result 
is otherwise. 

We are, perhaps, too prone to forgét that all knowledge comes to us 
as a long-accumulated heritage in which we enjoy a life interest, in 
return for which, should we so desire, we may strive to add some trifle 
to the principal sum. The world grows in the grace of knowledge, 


albeit slowly; it moves at a glacier’s pace, leaving stranded far behind 


in the trail of its moraine even those who have been great in their day. 
As Renan says, 


Descartes would be delighted if he could read some trivial work on natural 
philosophy and cosmography written in the present day. The fourth form 
schoolboy of our age is acquainted with truths to know which Archimedes would 
have laid down his life. 

This is true in apiculture, as in any other branch of natural science. 
As Langstroth, “the father of American apiculture,” declares, 

Any intelligent cultivator to-day may, with an observation hive and the use 
of movable frames, in a single season verify for himself the discoveries which 


have been made only by the accumulated toil of many observers for more than 
two thousand years. 


To him who, laboring under these advantages, looks backward to learn 
how much about bees the ancients were able to ascertain from the 
limited means of investigation at their command, Virgil’s work is rich 
in pleasant surprises and astounding revelations. Without microscopes, 
which enable us to examine perfectly the minutest organ of the bee, they 
yet knew that the worker bees were females (as the gender of the pro- 
nouns and adjectives which refer to them in Virgil’s poem shows us con- 
-clusively), and that they never bore any young. Without movable 
frames, which permit the beekeeper of to-day to examine the interior 
of the hive at will, they nevertheless had a very clear understanding of 
the different functions of the bees, and of the social life of the swarm. 

If Virgil were to walk through a well-kept apiary of to-day, examin- 
ing its regular rows of neatly painted, dovetailed hives which take the 
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place of the “leaky, draughty” basket-work skeps with which he was 
familiar, he would find cause for amazement. In his time, the bee- 
keeper carried for his protection in the apiary an ineffective brazier of 
coals; to-day, when we lift the lid from a hive, we quell the turbulent 
swarm within by a few pufis from a long-nosed, bellows-fitted smoker. 
Instead of encountering an irregular mass of unequal, crooked pieces 
of honeycomb built firmly to the sides and bottom of the skep, and 
affording no chance whatever for further examination unless cut ruth- 
lessly from their foundations, in which case the flowing honey from the 
pierced cells would drown many of the swarm, we now find either eight 
or ten oblong wooden frames, each enclosing a straight sheet of 
hexagonal-celled honeycomb. Upon the surfaces of these combs the bees 
live, and in their cells they store the honey and raise the young bees. 
Thus at a moment’s notice, and without in the least disturbing any 
function of the swarm, we can study the whole economy of the hive, 
whereas, hampered both by his lack of appliances and by the medieval 
and impracticable interior of the hive, Virgil must either have suffocated 
the swarm with acrid fumes in order to subdue it or have drowned it in 
the flowing honey of the broken combs. 

Though he knew much about the life of the swarm, and understood 
well the different labors into which the toil of the hive is divided, his 
knowledge was thus of necessity gained largely by inference, without the 
aid of ocular proof. He might see the sentinels stationed at the 
entrance of the hive to intercept any robbers or bewildered strangers 
who might try to enter; he might also see the homecoming bees alight- 
ing at the threshold, pausing an instant to balance themselves, then 
darting into the hive. But he could never follow upon their track, as 
we can, to see them storing their loads of nectar in the half-filled cells, 
or placing in the compartments reserved for the purpose the tiny pellets 
of bright colored pollen, carried home in the little pouches upon their 
thighs. 

Nor could he watch the deeper interests of the hive unfold them- 
selves. The queen, attended by her little retinue of caretakers, goes 
about the combs performing her one duty of laying her eggs, one in the 
bottom of each empty cell, the male eggs in the drone cells, the female 
in the worker cells. One cohort of workers cares for the brood, supply- 
ing royal jelly for the nourishment of the embryo queens, if it be the 
swarming season; and feeding the tiny milky worker and drone grubs 
which have hatched from the three-day old eggs. Such of these grubs: 
as have reached the proper age are sealed over with a porous capping 
under which they grow and change form until about the twenty-first 
day from the laying of the eggs, when the perfect, newborn bees, still 
gray and fuzzy, chew the waxen coverlets from their cells and traverse 
with slow, clinging crawl the comb about them. Other workers keep 
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the hive tidy by carrying out the bits of wax that have dropped to the 
floor, or line with propolis the slight cracks between the warping boards. 
Others again seal over such honey as has been properly ripened, while 
everywhere through the hive are groups of drones, “sitting idle at the 
banquets of another.” 

These things he could never see; for him to view the life of the 
swarm while it was being lived was impossible. He might, by tearing it 
to pieces, see where and perhaps how it had been, but to do so he must 
use such violence as to cause a temporary if not a lasting cessation of 
the functions of the swarm. Yet in spite of the disadvantages under 
which he labored, a fairly large proportion of the theories which he 
advances are borne out by the knowledge of to-day. We could, as is 
only to be expected, set him right about numerous facts in the life of 
the bee, but of its general habits we could teach him but little, and of 
its temperament even less. 

It is natural, indeed, that his reading of the nature of the bee should 
more nearly approximate our own, than that his theories as to the facts 
of its life and the most successful methods of treating it, should tally 
with those of the present day. For the character of the bee, to all 
practical purposes, is the same to-day that it has always been; neither 
new crosses in breeding nor the accumulative gentling effect of centuries 
of cultivation seems to have modified its disposition, which is to be 
learned now, as always, by personal observation. The main facts of its 
life, on the other hand, and consequently the most rational and there- 
fore the most successful methods of treatment, have been very definitely 
determined by modern scientific investigation. 

We know, for instance, as Swammerdam discovered with the aid of 
his microscope in the seventeenth century, that the “king bee” is not 
a king, as Virgil believed, but a queen, the only perfect female of the 
swarm, who gives birth to a constant stream of workers and drones, 
which keeps the swarm undiminished though the old bees are dying off 
continually. We know too that the life of the individual bee, far from 
being “seldom prolonged beyond the seventh summer,” as Virgil 
thought, is often exhausted by hard work during the honey-flow in six 
or eight weeks, and probably seldom lasts longer, even under favorable 
circumstances, than six or eight months, the queen being the single 
exception to this rule. She sometimes lives three or four years, but is 
seldom sufficiently prolific to keep up the strength of the swarm prop- 
erly after her second or third year. 

Virgil’s theory that two colonies often came forth to battle with 
each other is erroneous; he must have seen two swarms that happened 
to leave their hives simultaneously and mingled in the air, as not infre- 
quently happens in the height of the swarming season. He may have 
chanced to see the queens of the two swarms fighting, a by no means 
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necessary or even usual consequence of this chance coming together. 
He tells us, too, 


To the old falls the care of the towns, 
And the guarding of the combs, and the fashioning of the cunningly wrought 
homes. 
The younger ones return wearied late at night, | 
Their legs loaded with thyme; they feed on the wild strawberries, 
The blue-gray willows, the cinnamon, the glowing saffron-flower, 
The rich linden-tree, and the iron-colored hyacinth. 


Nowadays we know that, broadly speaking, it is just the other way— 
that the older bees gather the nectar, propolis and pollen, and the 
younger ones stay within the hive to feed the brood and perform there 
the other necessary duties. His naive, yet not unnatural supposition 
that at nightfall the bees laid themselves to rest in the cells of the 
honey-comb, whereupon sleep seized their weary frames, we know to be 
unfounded. Whenever it is too chilly or too windy for them to fly out, 
they may be seen clustering over the surfaces of the combs, in order to 
incubate the unhatched brood and to enjoy the comfortable sensation of 
the animal heat thus generated. Moreover, any one who is familiar 
with the interior of the hive knows that in summer every cell in every 
comb is needed in a fairly strong colony for storing the incoming 
harvest and for raising the young bees, while during the height of the 
honey-flow it is questionable whether the bees can be said to sleep at all. 
Many beekeepers believe that unless the nights are so cold as to chill 
them, they work unceasingly from dusk to dawn, as well as from dawn 
to dusk, during this brief period. 

We can see, by the brighter light of modern knowledge, how Virgil 
was wrong in these and in many smaller particulars, how he incorpor- 
ated into his work the errors that were prevalent in his day, and 
endorsed the methods then in vogue, superstitious and unavailing as 
they too often were. But if he sometimes went astray as to his facts, 
traveling, as he did, over a country with but few landmarks to guide 
him, he retrieved himself in other fields. We approach the bees armed 
with facts that explain their habits and throw light upon their moods, 
but he was forced to solve his problem just the other way. He must 
observe their disposition and their ways, and then deduce his facts as 
best he could. It follows as a matter of course that he should speak 
more wisely of the things that he saw for himself than of those that he 
knew only by inference. 

The somewhat unusual habits of the bees he read with remarkable 
insight. But what he understood best of all about these strange little 
insects, perhaps because in contemplating them he brought to bear upon 
them the subtle comprehension that is born of sympathy, was their 
character, their temperament. In this respect he speaks as a master, 
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and as one whose teaching the shadow of years has not tarnished. 
Here his perceptions winged themselves to their goal as swiftly and as 
unerringly as the eager bees themselves fly to the hive with each load of 
nectar when every hour of the summer’s day warns them that the golden 
harvest time is fleeting. He knew that work made the bees cheerful, 
and that sunny weather cheered their hearts; that discouragement did 
but make them work the harder, and that death itself, dreaded instinc- 
tively by every animate thing, was to them, when set against the com- 
mon welfare, a thing of naught. 


Half playfully, half affectionately, yet wholly respectfully withal, he 
continually likens the race of bees to the race of men. 


I will tell you of sights of tiny things to be wondered at, 
Great-hearted leaders, the customs of the whole race, 
Their passions, tribes, and battles, 


he says in his opening paragraph. In the course of his pages, “ grand- 
sires of grandsires are numbered,” “the hearts of the bees are agitated 
in war,” “the kings turn to the foe great souls in tiny breasts,” “sad 
funeral rites are conducted.” Often in the course of the poem he refers 
to their homes, their dwellings, their waxed realms and rich storehouses, 


their palaces and cities—a picturesque phraseology which Maeterlinck 
repeats with great effect. 


“Behold,” says Virgil, giving us in one long paragraph a far from 
uncreditable résumé of the life and labors of the bee, 


Behold, I will now describe the natural traits 

Which Jupiter himself has given to the bees as a reward 

For their harmonious humming... 

When they fed the king of the sky in the Dictean cave. 

They alone have a common offspring, a common building of the city, 
And spend their lives under powerful laws. 

They alone know their country and their settled home; 

Mindful of the coming winter, they endure toil in summer, 
And put aside for the common advantage what they have gained. 
Some direct their attention toward the provisions, 

And by agreement labor in the fields; 

Others within the home place the nectar of narcissus 

And the sticky sap from bark for the foundation of the comb, 
And thence draw downward the tenacious wax; 

Others raise to maturity the young, the hope of the race; 
Others ripen the honey, and fill the cells with nectar; 

To some has fallen by lot the guardianship at the gates... . 
The work seethes, and the sweet-smelling honey is fragrant with thyme. 
An inborn love of harvesting urges on the Cecropian bee, 

Each in his own function. ... 

There is one time of toil, one rest from work, for all. 

In the morning they rush out from the gates; there is no delay; 
Again when evening has warned them to cease 

From feeding in the fields, they seek their dwellings, 
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They refresh themselves; a humming sound arises, 

They sing about the entrances and the thresholds... . 

Nor do they retire very far from the hive when rain threatens, 
Nor trust to the sky when the east winds begin to blow, 

But all around under the walls of the city, 

They safely fetch water and venture upon short expeditions. ... 
You will wonder indeed at this custom of the bees, 

That they do not idly relax their bodies in love, 

Or bring forth offspring with labor; 

Instead they gathered their sons 

From the leaves and the fragrant herbs, 

They themselves supply a king and little subjects 

And refashion their palaces and waxen realms. 

Often, too, in wandering over the rough, flinty rocks 

They have worn away their wings, 

And voluntarily given up their lives under their burden. 

Such is their love of flowers and their glory in making honey! 
Therefore, though the limit of brief life overtakes them, 

Yet the race remains immortal, 

‘And the fortune of the home endures through many years... . 
Furthermore, not Egypt, nor great Lydia, nor the people of the Parthians, 
Nor even the Median Hydaspes, so honor their king. 

While he is unharmed, all are of one mind; 

If he is lost, they break their faith... . 

They surround him with incessant hummings, and attend him 
In great numbers, and expose their bodies in war, 

Seeking a beautiful death through their wounds. 


(It is true that bees have this feeling for the queen, understanding that 
without her there is no hope for the future prosperity, or even existence, 
of the swarm.) From these signs, Virgil says in conclusion, some have 
maintained that the bee has a part of the divine intelligence and that it 
too, in common with flocks, herds, men, and all the race of beasts, has 
drawn in at birth its tiny vital spark from the god that penetrates the 
earth and the sea and the profound skies—“ esse apibus partem divine 
mentis et haustus etherios.” 
Again he tells: 


The more they are exhausted, the more zealously all will set about 
To repair the ruin of the fallen family 
To fill the cells and to build storehouses for the honey, 


as indeed they will. He also says, when speaking of an old Corycian 
who made a paradise for himself out of a few waste acres by setting out 
flowers and fruits and esculent plants to grow among the brambles, 


He therefore was the first to abound in prolific bees and numerous swarms, 
And to force the foaming honey from the pressed combs. 

He had linden-trees and many pine trees; 

With just so many blossoms as each tree 

Was decked in in the spring, 

Just so many ripe fruits it held in autumn. 
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It does not seem to be forcing the meaning of this passage to infer from 
it that Virgil had some knowledge of the valuable services of bees in 
fertilizing plants of all kinds. 

To have learned all that he tells us about bees, Virgil must have 
mastered the subject of apiculture as it was understood in his time. 
That he gained his information at first hand, or at least verified it by 
personal observation, seems indubitable. For here and there all through 
his work are convincing bits of description, sometimes merely felicitous 
phrases, that recall the life of the hive forcibly to any one familiar with 
it. He says: 

As for what is left when the golden sun has put winter to flight 
Beneath the earth, and has revealed the sky with summer light, 
Immediately they (the bees) wander over all the glades and forests, 
And rifle the bright-hued flowers, and lightly-moving, 

Drink from the surfaces of the streams. 

From this time, joyful from I know not what delight, 

They cherish their family and their home, 

And make the ripened honey. 


This could not fail to paint vividly for any beekeeper the yearly 
awakening of the bees, when, shaking off the torpor of winter, they pre- 
pare with eagerness for the advent of summer, that fraction of the year 
in which alone they lead a full and active life. His description of the 
listlessness and apathy of bees which are diseased at once suggests the 
appearance of a colony which is suffering from the ravages of bacillus 
alvei, or foul brood, the terrible, almost pestilential malady of the 
apiary. He says: 

But indeed life has brought our misfortunes to the bees; 

If their bodies shall droop with a sad disease: ... 

The sick are of a different color; 

A: dreadful leanness marks their appearance; 

They carry forth from the dwellings those bereft of life, 

And conduct sad funeral rites; 

Or clinging together by the feet, hang at the thresholds, 

Or delay within their house, and are listless with hunger 

And inactive from the cold which they have caught. 


Again he says, when speaking of the life of the bees during the harvest 
season, “the work seethes, and the sweet-smelling honey is fragrant with 
thyme.” The work does seethe; his phrase exactly describes the 
abnormal, all-pervading activity of the swarm during the honey-flow. 
Often at that time we can tell by the delicate aroma, one might almost 
say the bouquet, of the honey, from what kind of flowers it is being 
made. To-day only that of the mountain sage resembles in fragrance 
and flavor the honey of the ancients which was made from thyme, of 
which the fabled honey of Hymettus was the finest type. 

Interspersed throughout Virgil’s discourse are numerous precepts 
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for the guidance of the apiculturist, some of them still as sound as can 
be devised, others again being incomplete or obsolete. He knew that 
certain things conduced to the prosperity of the bees, and therefore to 
the profit of the owner. The requisite points of a suitable situation for 
an apiary, a highly important factor in successful beekeeping, he 
covers very well. A dry, well-drained slope, shelter from the wind, pools 
of flowing water, water being essential in raising the brood, and pro- 
tection from the heat of the sun, were necessities upon which he insisted. 
“Do not trust them to a deep swamp,” he cautioned his disciples, “nor 
where the hollow rocks resound when struck, and the echo of the voice 
rebounds.” 


Let there be flowing fountains and pools bright with moss, 

So that when the new kings lead out the swarms 

And the young bees, released from the honey-combs, sport about, 
The neighboring bank may invite them to withdraw from the heat, 
And the tree in their way shelter them with its leafy hospitality. 
Across the center of the stream, whether it pauses here or flows swiftly, 
Place willows athwart, and lay in large rocks, 

That they may alight on frequent bridges, 

And open their wings to the summer sun, 

If perchance the east wind has scattered the laggards 

Or plunged them headlong into the stream. 


He mentions also the need of having plenty of pasturage, though 
this he proposes to provide by setting out suitable plants and shrubs: 


Let him who makes such things his care bring thyme and pine trees 

From the lofty mountains, and plant them far and wide about the dwellings; 
Let him bruise his hands with hard toil; let him set out these shrubs 

And irrigate them with friendly showers— 


while to-day, when bees are kept in any numbers, a location must be 
chosen near great fields of some honey-yielding plant, such as clover or 
buckwheat. 

He appeared to know that with bees, as with every other form of 
life, the breed must be kept up from the best stock ; 


But when you have recalled both leaders (kings) from the battle, 
Give to death him who seems inferior, lest he be a hindrance; 
Permit the better one to reign in the empty halls. 

For there are two kinds; the one shining with scales of gold, 
Distinguished both by his shape and by his ruddy, golden hue. 
The other is terrible with sloth. 

As the figures of the two kings, so are the bodies of their peoples. 
For the one kind is horribly ugly; . . . while the others 

Shine and glitter, aglow with gold, 

And their bodies are marked with even bands. 

This is the better breed; from this source at the proper season 

You may extract the dulcet honey from the combs. 


To-day, after a lapse of nearly two thousand years, the Italian breed 
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remains distinct, its special characteristic being its superiority over all 
other breeds in gathering honey; the particular marking of its best 
strain is still the glistening, golden color of the three largest of the rings 
of horny substance that encase the body of the bee. Even now we know 
no better rule to follow in requeening an apiary than to select for the 
purpose the offspring of the most beautiful and the most efficient queens 
at our command. | 
Again he tells us: 


When the inconstant swarms fly about and sport in the air, 
Condemn their hives, and leave their cold dwellings, 

You should restrain their unsettled minds from this vain play. 
Nor is it a great task to control them; 

Remove the wings of the king; while he remains behind 
None of the bees will dare to follow the path through the air, 
Or to tear up the standard from the camp. 


In the spring bees are sometimes guilty of this “vain play,” or swarm- 
ing out, as it is called now-a-days, when feeling that summer is unduly 
delayed and that their store of honey has dwindled distressingly, they 
leave their hive, only to die of hunger or cold unless rescued by the 
apiarist. The point of interest here, however, is that one of the most 
approved of the modern methods of controlling the swarming impulse 
of the bees, is to clip the wings of the queen on one side, thus preventing 
her from flying away with the swarm and so necessitating its return to 
the hive, since, as Virgil knew, the bees will not desert the queen. 
Though he understood this principle which has become so important in 
the treatment of swarming, his method of making a swarm settle is, 
oddly enough, obsolete. We no longer beat the cymbals, as he directed, 
or sprinkle bruised herbs upon the ground to cause the bees to cluster 
and alight. 

In view of the fact that artificial feeding is a very important factor 
in modern beekeeping, it is interesting to note that Virgil speaks of this 
process. Now-a-days the intelligent beekeeper feeds his bees not only to 
keep them from starving in case their stores run low; he also supplies 
them with trays of sugar syrup in the spring to stimulate them to raise 
broods sooner than they would otherwise do, so that they may be ready in 
large numbers to gather the harvest as soon as it comes. Virgil sug- 
gested to his followers that they should introduce honey into the hives 
by means of hollow reeds. | 

He understood remarkably well, in the main, what was necessary for 
the comfort and tranquillity of the bees. He knew that they needed 
constant sunshine to keep in a healthy condition, and that it was but 
poor economy to stint their food supply by taking too much honey from 
the hive. He thought that their homes should be kept in such neat and 
tidy shape as would make it easiest for them to protect themselves from 
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their enemies. “Who will hesitate,” he asks, “to fumigate with thyme 
and to cut away the empty comb?” He gives, in two divisions, a list of 
those apicultural pests whose depredations the beekeeper should try to 
prevent, or at least to control. Among the minor dangers that threaten 
bees in the form of insects or small animals that have a taste for honey 
or that eat the bees themselves, he mentions swallows, bee-martins, 
newts, lizards, hornets, and spiders. When one considers the number of 
bees in a single colony, however,—upwards of ten thousand in the 
winter and several times as many in the summer—one can easily see 
that the combined losses from these sources are insignificant. 

He mentions also the bee-moth, “shunning the light ;” an accurate 
description, since its custom is to remain hidden during the day. It 
does not attempt to enter the hive until dusk, when the bees can not 
see to attack it. This moth is a really dangerous enemy, being able to 
harass seriously a strong colony, and often to destroy entirely one that 
has lost its queen. As Langstroth says of it: 


The bee-moth has for thousands of years supported itself on the labors of 
the bee, and there is no reason to suppose that it will ever become exterminated. 


It is rather curious that Virgil nowhere makes any mention of the bee- 
louse, which, to-day at least, is a source of considerable trouble to the 
beekeepers of Italy, although in this country it is almost unknown. 

His description of that disease of the bees already referred to—so 
serious a scourge as to make it one of the chief dangers that threaten 
them—completes his list. For there is very little reason to doubt that 
this disease of which he speaks is the same as that now known as foul 
brood, or else closely analogous to it. This is a highly contagious 
disease, attacking first the brood, which decays instead of hatching; the 
bees also become infected, and presently die. This malady was doubtless 
known to apiculturists as long ago as Virgil’s time; Aristotle, in his 
“History of Animals,” describes it briefly but in no doubtful terms. 
Even to-day it is a justly dreaded enemy to apicultural prosperity. It is 
scarcely to be wondered at that, when we have not yet devised a very sat- 
isfactory method of dealing with it, Virgil’s remedies should be of no 
avail. To stamp it out, its spores and bacilli must be destroyed by fire or 
some other equally efficient agent. His directions as to the various herbs 
steeped in liquids, and the roots boiled in wine, which were to be fed 
to the bees to cure this fell disease, were worthless. This treatment, 
like certain precautions that he advises taking for the welfare of the 
bees, such as being careful to cut down all the yew-trees near the bee- 
yard, and never to burn red crabs in the fire, could not have been of the 
slightest use save perchance to afford to the zealous beekeeper of those 
times, who conscientiously followed these instructions, the salutary 
sensations that follow duty done. 



























































178 THE POPULAR SCIENCE MONTHLY 


Unwittingly he sometimes directed his disciples wrong; yet he 
labored faithfully in their service, nursing his didactic impulse carefully 
until he had given them, as well as he was able, an insight into the life 
of their pets. This store of sterner precepts conscientionsly discharged, 
he turns most willingly to those of mythological suggestion, proceeding 
to tell his followers how to restock their apiaries, should they chance 
to lose all their bees. He gives as a practical measure to be followed, 
yet naming it a tradition withal, the old, old myth of bees springing 
from dead cattle, “how the tainted life-blood of a dead bullock has 
often borne bees ;’—the same old riddle, “ out of the strong came forth 
sweetness, and out of the eater came forth meat.” Virgil says of it: 


First a place small and sheltered for this very purpose is chosen; 

This they enclose with a low roof of tiles and with walls, 

And they add four windows of slanting light toward the four winds. 

Then they seek a two-year old bullock, whose horns are just beginning to curve. 
His nostrils and his mouth are covered over 

Though he struggles greatly, and after he has been slain by blows, 

The battered entrails are crushed within the unbroken skin. 

Thus they leave him, laid in the enclosure, 

And they place under his sides branches of thyme and fresh wild cinnamon. 
This is done as soon as the driving zephyrs roughen the waves, 

Before the meadows brighten with new colors, 

Before the chattering swallow hangs her nest from the beams. 

Meanwhile the liquid, warmed in the young frame, heats 

And animals of a wonderful kind are to be seen, 

Lacking in feet at first, but soon whirring with wings; 

They mingle, and more and more take to the thin air, 

Until they have burst forth as a storm poured from summer clouds, 

Or as arrows from the vibrating bowstring, 

When the swift Parthians first begin to fight. 


Thereupon he drops easily and contentedly into that vein of poetry 
that comes so gracefully from him, stringing upon a slender connecting 
thread the story of the loss and the recovery of Aristzeus the shepherd’s 
bees, into which he introduces the whole tale of Orpheus and Eurydice. 
With him, we accompany Aristeus on his pilgrimage for aid to his 
mother, a water-nymph, who sits spinning with her maidens of euphon- 
ious names, Drymo and Phyllodoce, Clio and Lycorias, Xantho and 
Beroe, in their translucent, glass-colored chamber in the depths of the 
sea, while one of their number recounts the “numerous lovers of the 
gods, from Chaos down.” In his company we follow the fortunes of 
Aristeus to their happy conclusion, when, having obeyed the oracle, he is 
rewarded by seeing clouds of bees come forth on the ninth day from the 
bullocks that he has slain, and cluster at the top of a tree, ready to be 
hived. 

Filled the marvelous charm of his closing pages, it is with an effort 
that we turn to consider the value of his discourse. It is a very capti- 
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vating field over which he has taken us; apiculture in his time was a 
picturesque occupation, even when seriously pursued. His picture of 
it is pleasing, not only as a thing beautiful in itself, but also as afford- 
ing an interesting contrast to the apiculture of to-day, as enabling us to 
measure our present growth by an ancient scale. Practical beekeeping 
is indeed far different now from what it was in those days; apiculture at 
present shows many new features, and lacks many that distinguished 
it then. Yet in one respect it remains the same, and, I venture to think, 
will always do so; that is, in the enthusiasm of the bee-keeper for his 


bees. Even as Aristeus, we to-day are grateful for our teeming hivefuls 
With Virgil we cry, 


Averter of thieves and birds, protect them. 
Let gardens breathing with saffron flowers allure them, 
Let the guardianship of Hellespontaic Priapus, with his willow scythe, 
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AVAILABLE FOOD SUPPLIES 


By Proressor J. F. LYMAN 


THB OHIO STATE UNIVERSITY 


ggg food problem is distinctly a modern one in the United States. 

Two generations ago no such problem was clearly recognized. 
Fish were plentiful; pigeons, deer, wild turkeys, water-fowl, quail and 
buffalo were abundant; wild berries, fruits and nuts could be obtained 
easily and in large quantities. Naturally food was cheap and there was 
enough for all, and of a kind sufficiently varied to suit the taste of any. 
All this has changed. Game animals have practically disappeared. 
Wild berries, fruits and nuts are no longer of importance in our dietaries. 
We have seen our population increase at the rate of over twenty per cent. 
every ten years until the increase in production of food products no 
longer keeps pace, but lags far behind, and we realize that there is such a 
thing as a food problem, 

If the present rate of increase continues, the population of the 
United States will approximate five hundred million at the end of the 
present century. Is it possible to feed that number of persons on the 
products of our three million square miles? China and India both sup- 
port a population as dense; but both of these countries are distinctly 
agricultural. The mass of people live on the land and are engaged in 
producing food. In this country the great increase in population is in 
the cities; while the food-producing class is increasing comparatively 
slowly. The reports on agricultural products exported from the United 
States illuminate the food problem in an instructive way. If we compare 
the exports in 1912 with those for 1900, we find that the amount of 
cheese shipped abroad declined 85 per cent, in that period, beef products 
declined 65 per cent., pork products declined 30 per cent., corn declined 
80 per cent., wheat declined 57 per cent. What do these figures tell? 
Simply that we have needed the food at home to supply our increasing 
millions and hence had less to sell in the markets of the world, Can we 
continue to feed our people by reducing the exports in food stuffs? 
Obviously not, and in many instances they have been reduced already 
near the vanishing point. We have even actually begun to import meat 
and corn. It is significant also that free government land suitable for 
agricultural purposes is no longer available; hence we can not look for 
relief by bringing under the plow large tracts of virgin soil. 

Is there likely, then, to be a scarcity of food in this country in the 
near future? No, there is and will be plenty of food, but some changes 

















AVAILABLE FOOD SUPPLIES 181 


in dietaries undoubtedly will have to be made. Let us notice. In 1910 
for every man, woman and child in the United States there was produced 
seven bushels of wheat, thirty-two bushels of corn, four bushels of 
potatoes, and forty pounds of sugar. There were six tenths cattle for 
each person, six tenths sheep, and seven tenths swine. Add to this the 
fruits, vegetables, poultry and dairy products, oats, and other small 
grains and we see that there is plenty of food to go around and to spare. 

There was grown in the United States in 1912 corn, which if as- 
sembled in one immense field might have covered Germany or France 
entirely with its rustling phalanx. How many millions might be nour- 
ished by the produce of this tremendous acreage! Here is a great source 
of human food at present utilized in a very slight degree. 

Man takes food first of all that pleases the palate. We can no longer 
make our choices on the basis of palatability alone, and a study of the 
principles of nutrition must be pursued to help us out of those difficulties 
which arise from a restricted supply of food. Food has two primary 
functions in the body; first, to supply material out of which the body is 
built; and, second, to furnish energy to warm the body and to drive its 
machinery. Perhaps the second function is the more important. Plants 
alone have the power to collect solar energy and store it up in a latent or 
dormant form in their seeds and other parts. Animals may, by eating 
and digesting these plant materials, liberate and utilize this stored-up 
energy. When corn is fed to a steer under favorable conditions three per 
cent. of the energy of the corn may be recovered as meat in the edible 
portion of the carcass, The remaining ninety seven per cent. was used 
by the animal in its various activities and lost as far as the nutrition of 
man is concerned. In pork the recovered portion amounts to sixteen 
per cent. ; and with the dairy cow eighteen per cent. of the energy of the 
food is found in the milk produced. Obviously this is a wasteful process, 
this conversion of grain into meat and milk, It has its justification only 
in the greater palatability and digestibility of the final products. Doctor 
Armsby, of the Pennsylvania Experiment Station, draws the conclusion : 
“all the edible products which the farmer’s acres can yield will be 
needed for human consumption and the function of the stock-feeder in 
a permanent system of agriculture will be to utilize those inedible prod- 
ucts in which so large a share of the solar energy is held and to render at 
least a portion of the latter available for human use.” 

But shall we solve our food problem as it has been handled in some 
densely populated countries such as India and China? With an area 
nearly twice that of either of these countries, the capacity of the United 
States to maintain a population on the same standard as obtains in 
China, for instance, would be perhaps relatively as great. It would mean 
a great change in our standard of living, one to which we should not take 
kindly, and one which we hope need never be adopted in this country. 
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What would the liberty-loving American think had he to subsist on the 
restricted fare of the Chinaman as described by Mr. Chester Holcombe 
in “The Real Chinaman,” 


Their daily food consists of rice steamed, cabbage boiled in an unnecessarily 
large amount of water, and, for a relish, a few bits of raw turnip, pickled in a 
strong brine. When disposed to be very extravagant and reckless of expense, 
they buy a cash worth of dried watermelon seeds, and munch them as dessert. 
. .. The description answers with entire accuracy for the food consumption of 
the great masses of the Chinese people—not for the beggars or the very poor, 
but for the common classes of industrious workingmen and their families, 
whether in the great cities or in the rural districts. . . . The only luxuries of 
which they dream are an ounce or two of meat at very rare intervals with their 
invariable food of rice and cabbage, and the necessary tea and tobacco. 


Or would the fare of India please better? Colonel Sir Thomas H. 
Holditch tells us: 


Probably three fourths of the entire population live on the grain of the mil- 
lets, or various kinds of pulse. In lower Bengal, and in parts of Madras and 
Bombay, in Burma and Ceylon, rice is the staple food of the people, .. . else- 
where it is reserved for the consumption of the wealthy. 


Even in Greece the food supply is much restricted, for we read in the 
Consular Report on Industrial Conditions by Horton, 1908: 


At night the family dines on a few cents worth of rice, boiled together with 
wild greens and olive oil, and bread, or wild greens boiled in olive oil and eaten 
with bread or some similar inexpensive dish. Meat is eaten by the labor- 
ing classes as a general thing three times a year, Christmas, Easter and on the 
so-called ‘‘ Birth of the Virgin.’’ Such a family as I am describing, the average 
laboring man’s family of Greece, rarely if ever see such things as butter, eggs 


and milk. 

The corn crop alone of the United States in 1912 was sufficient to 
supply nourishment for two hundred and thirty million people living on 
the standard maintained by the working class in China, India and some 
other countries. The American, however, in general has never appeared 
to relish corn as a direct article of food. A prejudice has prevailed that 
corn was unfit for human food and useful only in the barn and stable for 
their less discriminating occupants. The reports of government experts 
to the effect that corn is as digestible and nutritious as wheat have ap- 
parently made few converts to the greater use of corn, But we shall 
learn to eat more corn, not because we are told of its nourishing qualities, 
but because it will be prepared in an attractive form and because it will 
be cheap. 

Machinery has been perfected for the milling of wheat so that the 
digestible portions are separated from the indigestible and a superior 
human food prepared. Wheat flour stands supreme among the cereal 
flours and it is likely to maintain this position, still it is undoubtedly in 
the development of industrial processes that we shall find the solution 
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of the problem of economically converting corn and similar products into 
human food which will be palatable and nourishing. A good beginning 
has already been made in the manufacture of starch and glucose as well 
as breakfast flakes from corn, These and similar industries are bound to 
grow rapidly. Nor is corn the only material which might be appro- 
priated directly as human food and which is used at present little or not 
at all for that purpose, Oats, barley, rye, soy beans and peanuts and 
various by-products such as cottonseed and linseed cake might be 
utilized more largely. Modern science will very likely devise methods 
for extracting the valuable constituents from these products in such a 
way that they will be available for human food in an attractive form and 
nourish man in a state of highest efficiency. Some progress has already 
been made along this line, but it is barely a beginning. 

Does this mean that we shall all in time turn vegetarian? No, there 
will always be food for domestic animals and meat and dairy and poultry 
products will always be important items of human diet, The grasses, 
clovers, straws, stovers, and certain by-products of the refining processes 
of seeds, etc., will always be directly unavailable as food for man and can 
probably best be utilized by converting them into animal products of 
various kinds. The amount of meat consumed, doubtless, will decline 
and a reduction in this respect may take place without danger and with- 
out detriment to the race. 

Long ago Daniel, the prophet, and his companions demonstrated the 
virtue of a simple vegetable diet when they refused to eat the king’s meat 
and wine, provided for the boys of the court, and chose rather pulse and 
water. At the end of the training period, when the boys were examined, 
the faces of the Hebrew children were found to be plumper and their 
minds more alert and keen than those of their companions who had 
dined more sumptuously, but who had, perhaps, studied less diligently. 

The study of human nutrition has not yet produced a simple formula 
for man’s guidance in the selection of his food. Such formule have been 
successfully used in the feeding of rats, and the skillful stockman in his 
feeding operations carefully follows charts and rules provided him by 
experts on animal nutrition. We may expect that similar rules will 
obtain more and more in human nutrition and there will be, some time 
in the future, such a thing as scientific feeding of men. 
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THE SMALL COLLEGE AND ITS FACULTY 


By ONE OF THE PRESIDENTS 


ingen president has been reading an article in the PoPULAR SCIENCE 
MontTHty for May entitled “The Small College and Its Presi- 
dent ”—hence these words. 

Probably it is rarely the case, when a number of alumni, each more 
than fifty years of age, foregather and begin to talk over old times, that 
some one doesn’t tell the story of the time he and others put a cow in 
the college chapel. These stories can not all be true—there haven’t 
been cows enough. Probably they are more or less fictitious variants 
of some fundamental cow-myth which originated under those vague 
conditions commonly described as “mists of antiquity.” In a similar 
way it may fairly be questioned whether the awful condition described 
in the article to which allusion has been made really exists in concrete 
form and precisely as set forth in any particular institution. 

If there is a college such as is described in this May article it 
should certainly be abolished at once. It is a disgrace to the whole 
system of education in America. It is very difficult to believe that, 
because of their athletic prowess, athletes are given marks higher than 
they deserve. It is difficult to believe that the sons of wealthy patrons 
are unfairly marked in the professors’ classbooks and on the registrar’s 
records. Whatever trustees and faculties might think, no body of 
normal undergraduates would stand for any such treatment of that 
larger part of their number neither athletic nor rich. 

But the object of this writing is to describe briefly another small 
college which is believed to be more nearly like the typical American 
small college. It is something less than one hundred years old. Its 
undergraduate body numbers perhaps less than three hundred. It is 
governed by a rather large board of trustees. All but two of them are 
college graduates, and most of them are graduates of the college over 
which they now preside. It includes clergymen, lawyers or judges, and 
business men—bankers, insurance men, manufacturers, merchants—in 
proportion as the numbers 10, 16 and 20. It is under no ecclesiastical 
control. The president of the college is ex-officio president of this board 
of trustees. His powers ate nowhere stated or defined in the charter 
or statutes of the college. It takes a two-thirds vote of the trustees to 
dismiss him, and he is ez officio a member of various committees. He 
has two votes in the faculty if he cares to use them—one regularly and 














THE SMALL COLLEGE 185 


another in the case of a tie. To the faculty, which consists of all the 
permanent officers of instruction, is, by the statutes, “committed the 
government of the students.” This term “government” is considered 
to include both the disciplinary and the instructional functions of the 
college officers. 

The courses of study, prepared originally by the faculty, are pre- 
scribed by the supreme governing body and changes are from time to 
time made by the faculty under the authority of the trustees. Within 
ten years at least there has been no case in which the wishes of the 
faculty in these matters have been overruled by the trustees. 

It is probably true that the president has a good deal of practical 
authority. It is based upon nothing except the feeling of the faculty 
that as the president is in a peculiarly responsible position both to the 
trustees and to the public, because his view is necessarily wider and more 
comprehensive than that of the professors through his relation to the 
public, because there are after all other considerations than those of 
any particular classroom which must affect the college policies—for 
these and other reasons his wishes are entitled to some weight. The 
president has no veto over the action of the faculty. For many years 
there was a provision giving him this authority. It was repealed at the 
request of an earlier president, and the present president refused to 
have it restored when some of the trustees were rather disposed to 
restore it. 

As for the unhappy athletes in this small college it is unquestion- 
ably true that they get less consideration than anybody else. Any 
excuse asked by an athlete, or request for special consideration, any 
explanation of failure or misconduct offered by such a person is re- 
garded with peculiar suspicion—almost enough to justify the statement 
in a very amusing book of college stories that “a college professor always 
hates a man who weighs over one hundred and seventy-five pounds.” 

Similarly, it is unthinkable that this faculty should modify a stu- 
dent’s marks according to the social or financial prominence of his 
family. One of the most excruciating and most frequent tasks of the 
president is to write letters to his personal friends and to wealthy 
patrons of the college explaining that their sons have been dropped on 

account of deficiency in scholarship. It is not a pleasant job and the 
performance of it goes far to justify the somewhat larger salary which 
the president receives. Indeed, quite antithetically to the situation in 
the college described last May, it is the president who has to take most 
of the “knocks” arising from the actions of the governing body of the 
college, the faculty, whether or not he happens to be personally in 
sympathy with all that is done. Again and again has he found himself 
obliged to defend acts and policies with which he was by no means in 
accord. 

VoL. LXXXvV.—13. 











186 THE POPULAR SCIENCE MONTHLY 















































At present there seems to be a good deal of unrest among college 
professors. It is a little difficult to see why; for, after all, the presi- 
dent and the professors alike are hired men engaged for a consideration 
to discharge fairly definite duties. It is difficult to see why a college 
professor should make so much more fuss about losing his position than 
is commonly made by an officer in a bank or an insurance company or a 
corporation or in the public service. The college professor is not neces- 
sarily an expert in education or in college administration as carried on 
in these later days. He is apt to be a specialist, knowing something, 
indeed, of many subjects and a great deal about some restricted range 
of intellectual activity. Often he is absolutely without qualification for 
formulating a course of study suitable for the average boy, for advising 
the average student as to the studies that are best for him, or for the 
construction of any educational policy whatever. 

The fact that A is one of the highest living authorities on clam 
shells needs to be supplemented by other facts before this man can 
expect much importance to be given to his views on the training of 
youth or concerning the apportionment of funds among a dozen or 
fifteen different departments. In most faculties, however, there are men 
not disqualified by personal disposition or training for work other than 
that in their own specialty. It is the policy of our faculty to utilize the 
qualifications of these men by distributing them as chairmen of active 
committees to which are referred questions of discipline, choice of 
electives, and similar important matters. : 

Probably we might do well to think twice about the importance to 
the professor or to the college of much of that which is called research 
work. A man can not teach well if he stops learning. Undoubtedly it 
is much pleasanter to work in the library or in the laboratory, and much 
pleasanter to work in one’s own study, than it is to try to convey infor- 
mation to a body of rather careless young men who would prefer not 
to be instructed: But, after all, in the small college at least, the instruc- 
tion of youth is the principal object of the professor’s connection with 
the institution. There are not many professors whose research work is 
of any value whatever except to themselves. Those who are competent 
to enlarge the boundaries of human knowledge constitute a different 
class and are few in number. Such should have every opportunity and 
every facility. Generally these men are such wretchedly poor teachers 
that they have no place in the college faculty. Their service to mankind 
must be rendered elsewhere and under different conditions. Of course 
the college professor must have opportunity and time for continuous 
self-improvement, but he mustn’t be allowed to forget that his job is 
that of a teacher. 

It is questionable also whether the faculty should have too much 
to say about its own membership. In our college, the president, when 
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an appointment is to be made, confers freely and with entire candor 
with the professors whose work is most like that which is to be done by 
the new incumbent, and some decision is generally arrived at by a 
sort of mutual understanding arising without formal rules. Never- 
theless it has happened again and again that appointments must be 
made under conditions absolutely precluding any considerable confer- 
ence with members of the faculty. It is probably true that professors 
have means of finding out things about candidates from other institu- 
tions which lie beyond the range of the president’s powers of investiga- 
tion ; but there is one difficulty about the circumstances brought to light 
by professors investigating each other. A good deal of the informa- 
tion thus collected is not true. It is based upon personal jealousies, 
pique, personal likes and dislikes—all of which give a certain pleasant 
tang to life in the college faculty but which are very misleading when 
allowed to count for much in judging the man who is leaving one faculty 
for another. 

We are hearing a good deal just now of that freedom of thought and 
of the expression of it which ought to be enjoyed by college professors. 
Evidently college professors must be allowed to think without restraint 
within very broad limits, The expression of their thoughts should 
not be criticized or at least should not be used as a reason for dismissal 
from college because some trustee happens to disagree with them. 
Nevertheless, it must not be forgotten that even college professors some- 
times talk very foolishly, and if a professor or a president makes him- 
self and the institution which he represents ridiculous there would seem 
no very great injustice in suppressing him. Isn’t it a possibility that 
college men are all too thin-skinned, too sensitive, too jealous of each 
other, too considerate of the persons whom they think themselves to be. 

Various recent developments seem to indicate a regrettable tendency 
on the part of college professors toward something like class feeling; 
toward the notion that they are somehow different from other people. 
It will be a great misfortune if this idea is allowed to prevail, if it is 
allowed to become permanent. When we forget that everybody is pretty 
much like everybody else, when any persons employed in a particular 
fashion get to think that they are otherwise than just folks, there is 
trouble brewing. This president feels pretty sure that the average 
college professor is too sensible to allow himself to be betrayed for long 
into such an untenable position. 

Within the last ten years there have been in this small college of 
ours thirty-seven men who have held permanent appointments as well as 
a good many who have taken a small amount of work in emergencies or 
who have been here temporarily while professors have been away on 
leave of absence. Of these thirty-seven twenty are now in the faculty. 
Of the seventeen who have left three were dismissed either for ineffi- 
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ciency in teaching or for the exhibition of grave defects of character. 
In each case there was substantial unanimity on the part of trustees 
and faculty. Two of the seventeen have retired on their pensions. One — 
withdrew on account of a breakdown in his health, eleven resigned, to 
our great regret, to accept considerably more lucrative positions else- 
where. We rejoiced in this evidence of their distinction and tried to 
fill their places with men equally good. Some of these we shall prob- 
ably lose by and by in the same way. 

On the whole, isn’t this a pretty good small college? There have 
been evidences of weakness in discipline in years past, due in each case 
to the mistaken leniency of the faculty. This has never been due to 
outside pressure. One can’t help wondering whether this small college 
which was discussed last May is not suffering more from morbid 
and unfounded fears on the part of the professors than from any real 
danger of autocratic action by president or trustees. 
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lage last few years have witnessed a friendly controversy between the 
champions of nature and the champions of nurture, over the forces 
that are responsible for greatness. The nature advocates have insisted 
upon the importance of heredity in shaping men’s lives, The nurture 
advocates have laid equal emphasis upon environment. Each of these 
groups has relied upon New England as one proof of the contention. 

Both parties to the controversy are willing to admit that New Eng- 
land has produced a considerable proportion of the great men of 
America. Those scientists who throw emphasis on the importance of 
heredity hold that New England, having made a contribution to the 
number of distinguished men in the United States wholly out of propor- 
tion to its population, stands as a substantial proof of the importance of 
race qualities. Those scientists who adhere to the opposing view main- 
tain with equal positiveness that the supremacy of New England has 
long been exaggerated. There was no time, these men insist, at which 
New England had an immense lead in the production of greatness over 
the other sections of the country, if its percentage of population at that 
time was taken into consideration. Furthermore, so the argument con- 
tinues, the supremacy of New England in the production of distin- 
guished men is being rapidly taken over by the middle west. It is in 
that section that the leaders of the next generation are being born. 

The contention is, in its nature, both interesting and endless, unless 
some facts can be obtained which will throw some light upon the ques- 
tions at issue, These, I take it, are three: 

1. Was there ever a time when the number of distinguished men born in 
New England was greater in proportion to its population than the proportion for 
other sections of the United States? 

2. Has there been any change in the proportion of distinguished persons 
contributed by New England? 


3. What contributions of distinguished persons are now being made by the 
various sections of the United States? 


These questions can not be answered with certainty. The available 
facts make unimpeachable conclusions impossible. Nevertheless, ap- 
proximations may be made which should throw some light on the ques- 
tions, 

The volume entitled “ Who’s Who in America” for 1912-13 contains 
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18,794 names.’ This list purports to include the distinguished men 
from every walk of life in the United States. The compilation is neces- 
sarily incomplete. There are, of course, omissions; while the mere classi- 
fication of a name in “ Who’s Who in America” is no guarantee of dis- 
tinction. On the whole, however, it may justly be said that the propor- 
tion of distinguished men whose names are inserted in “ Who’s Who in 
America” is about the same for the various professions. Furthermore, 
there is no reason to suppose that the proportion secured from different 
sections of the country would show any material variation. All things 
considered, these 18,794 names seem to offer the most available basis for 
a study that would answer the questions regarding the supremacy of New 
England in its production of distinguished persons. 

A study of the data in “Who’s Who” was made in the following 
manner. A schedule was arranged to show, first, the profession; second, 
the decade of birth; and third, the place of birth of the consecutive 
names, beginning with the first page of the volume. In order to make 
the information as usable as possible, the returns for each state were 
separately tabulated, as were the returns for those cities which reported 
a population of more than 20,000 in 1850. These items of information 
were secured for the first 10,000 native-born persons. The generaliza- 
tion from the first 10,000 names can safely be applied to the remainder 
of the volume, 

The first point of interest arises in connection with the number and 
per cent. of distinguished persons from each section of the United 
States and the per cent. of the total population of the United States in 
the respective sections. These figures (Table I.) show at a glance the 
proportion of distinguished persons born in the various localities. 

These returns, on their face, accord to New England a lead in the 
total number of distinguished persons produced that is little short of 
phenomenal. With less than a fourteenth of the population, New Eng- 
land has been the birthplace of almost a quarter of the total number of 
distinguished persons whose names appear in “Who’s Who.” The 
Middle Atlantic States, with a fifth of the population, report somewhat 
less than a third of the distinguished men ; the East North Central States 
report almost equal proportions of distinguished persons and of popula- 
tion ; while the other sections show a proportion of population consider- 
ably above the proportion of distinguished persons born. There are 

1‘*Who’s Who’? is published in Chicago. The editor, Albert Nelson Mar- 
quis, was born in Ohio. ‘‘The standards of admission to ‘Who’s Who in Amer- 
ica’ divide the eligibles into two classes: (1) Those who are selected on account 
of special prominence in creditable lines of effort, making them the subjects of 
extensive interest, inquiry or discussion in this country; and (2) those who are 
arbitrarily included on account of official position—civil, military, naval, religious 


or educational—or their connection with the most exclusive learned or other so- 
cieties.’’? From a statement following the preface, 1912~13 edition. 
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TABLE I 


NUMBER AND PER CENT. OF EMINENT PERSONS BORN IN THE VARIOUS GEO- 
GRAPHICAL DIVISIONS OF THE UNITED STATES WITH THE PER CENT. OF 
THE TOTAL POPULATION OF THE UNITED STATES IN EAcH 
DIVISION IN 19102 














Eminent Persons z id ee - the 
Geographical Division of the 0 — 
Number | Per Cent. States, 1910 
LOPES TS ESE rae a ee ree ee ae 10,000 100 100 
MN NEN ooo So aa rs savexsinigio hielo. a eich Susser we 2,311 23 TA 
ARNE TNR 5525 oc. 5501050 oa 5ie 6 oie eiorosioSiace 2,974 30 21.0 
MODE INGER CODEEAL. 5 6565.0 <0 <'s:00.60.¢0%e sie'se'we 2,225 22 19.8 
WONG NOPE Central. o6.5566cccsccesccswsseess 542 5 12.7 
POON TE ERTIES, eo 285 %5'4)/5 10: <re) <:Sreleiasolereie cveaseiaweed 1,091 11 13.3 
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therefore three sections of the United States—New England, the Middle 
Atlantic States, and the East North Central States—in which a com- 
paratively large number of distinguished persons were born, These three 
groups of states lie in a contiguous territory, in the northeastern section 
of the United States. Of the three groups, New England, in proportion 
to its population, has by far the largest proportion of distinguished 
persons. 

The figures in Table I, are manifestly incomplete. Changes in popu- 
lation have been rapid during the past few decades. The tide of west- 
ward movement has materially altered the population center. No final 
conclusion regarding the position of New England as a contributor of 
distinguished persons can be reached unless the gross result is corrobo- 
tated by the facts showing the time at which the distinguished persons 
were born, and the proportion of the population in the various sections 


of the country at that time. 
q TaBte II 
NUMBER AND PER CENT. OF EMINENT PERSONS WHO WERE BORN AT CERTAIN 
TIMES 

Time of Birth Number Per Cent. 
PRE os 65k RtGiaroeleokicio be clo.k ow aibipeie oot 2,818 28 
UO ns wate es ceo Misib olen odes cbeevs 2,715 27 
oo oc bee ok sc Na eee 60 selene elie bes 2,717 27 
EN ein Giochi 4 iara ory oso gle Mitleioe 8 oie ore 1,304 13 
RN 655 os 55 doo do soled oA eee ow eG 95 1 
I oo s14ss.k, Sigsara Sid wiondlo Se kamen we 2 _ 
iis as ype kui eck an deunwd sae 349 4 
NG iiss snnnt ensign pod eine eae de 10,000 100 


2Of these 10,000 eminent persons, 779, or 7.8 per cent., were women. Sex 
will not be considered in the present article. 
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A surprisingly large number of the eminent persons whose names 
appear in “ Who’s Who in America” were born before 1850. Table IT. 
gives the time of birth by decades. 

The eminent persons who were alive in 1912-13 are, for the most 
part, well along in life. Only one in a hundred was born since 1880; 
only fourteen in a hundred were born since 1870. Men born before 1870 
were at least forty-two years old in 1912. In so far as time records are 
concerned, this study must deal with the period prior to 1870, since the 
great body of eminent persons was born before that date. More than a 
quarter of the total eminent persons was born before 1850, making them 
at least sixty-two years old, More than four fifths of the entire number 
were born before 1870; that is, they are at least forty-four years of age. 
In so far as time is a factor, interest centers in the periods before 1850, 
1850-1859, and 1860-69. 

The total returns give New England a material lead in the produc- 
tion of eminent persons. Is that lead maintained when the totals are 
broken up into time periods? The relation between the decade of birth, 
the place of birth, and the proportion of population in each section at 
the time of birth appears in Table III. The proportion of eminent per- 
sons born before 1850 is compared with the population in 1850. The 
proportion born between 1850 and 1859 is compared with the population 
of 1860. The population figures, in each case, refer, not to the time of 
birth—such a comparison is manifestly impossible, The total born in 
each decade is compared with the population at the end of that decade. 
This method should militate slightly in favor of New England, whose 
population in each decade constitutes a slightly smaller proportion of 
the total population of the United States. 












































TABLE III 
— Per | Per Cent. | Per Cent. Per Cent. | Per Cent. 
Geographical Born | Cent. | 
Division Be- | of Born |Total| Born |Total| Born |Total| Born |Total 
fore | Pop.| 1850- | Pop. | 1860- | Pop. | 1870- | Pop. | 1880- | Pop. 
1850 | 1850 | 1959 | 1860 | 1869 |1870 | 1879 | 1880 | 1889 | 1890 
| — | 
United States........ 100'100 100 100 100 100 
New England........ 30} 11.8; 23 | 10.1) 19 9.1) 19 Bi). 12 7.5 
Middle Atlantic...... 33) 25.4) 32 23.8) 26 22.9) 25 20.9). 37 20.2 
East North Central... 17| 19.5) 23 22:1|. 27 23.7] 23 22.3| 25 21.4 
West North Central... 2} 3.8 4 6.9 8 10.0} 10 12.2 6 14.2 
South Atlantic....... 12} 20.2; 10 17.2} 11 15.2} 12 15.1; 11 14.1 
East South Central... 5] 14.5 5 12.3 5 11.4 5 11.1 4 10.2 
West South Central... 1) 4.1 2 5.6 2 §.3 2 6.7 2 7.5 
eee — 3) — 6) — 8 1 1.3) — 1.9 
SNES DSi ig Ann (a eig iw eine — 5 1 1.4 2 16). 8 2.3 3 3.0 
Total names....... 2,818 2,715 2,717 1,304 95 


















































A perusal of Table ITI. reveals several very evident situations, The 
first three groups of States—New England, the Middle Atlantic States 
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and the East North Central States—are plainly in a class by themselves. 
Among these states, in every instance except one (the East. North Cen- 
tral States, 1850), the proportion of eminent persons born in those 
groups of states is higher than the proportion of the total population 
found in those states at the same time. Among the other groups of 
states, in every case except two (Pacific States, 1870 and 1880), the pro- 
portion of eminent persons born is lower than the proportion of the total 
population found in the states. It therefore appears that of the eminent 
persons born up to 1890, the vast proportion were in that northeastern 
section of the United States bounded by the Mason and Dixon line on 
the south, and the line of the Mississippi-Missouri River on the west. 
Among these northeastern groups of states New England holds a 
unique position. Throughout the entire period she appears as the birth- 
place of a far larger proportion of eminent persons, in proportion to her 
population, than either of the other groups. During the early years her 
lead was little short of remarkable, Of the distinguished persons born 


before 1850, she produced almost one third, while her population in 1850 | 


was but one ninth of the total population of the United States. The 
Middle Atlantic States, with a quarter of the population, produced only 
a little more than a quarter of the eminent persons. The same relation 
between the two sections holds true of the decade from 1850 to 1859. In 
this period New England has one tenth of the population, and one fourth 
of the distinguished persons, while the Middle Atlantic States have a 
quarter of the population, and about a third of the distinguished persons. 
Even as late as 1880 the ratio between the proportion of eminent men 
and of population is higher in New England than in any other section 
except the Middle Atlantic States. At the same time, the East North 
Central States, with the single exception of the years before 1850, report 
a proportion of distinguished persons born only a little higher than their 
proportion of the population. During the first three periods the relative 
proportions of eminent persons born and of population are fairly similar 
in the Middle Atlantic and the East North Central States, but at the 
same time very markedly below the standard set by New England. 

The considerable lead of New England and the marked lead of the 
Middle Atlantic States and the East North Central States over the other 
sections of the country may be tested in various ways. Instead of com- 
paring the proportion of eminent persons in the various sections with the 
total population, a comparison may be made with the native white popu- 
lation. This seems particularly fitting in view of the large negro popu- 
lation in the south, which has contributed so little to the number of 
eminent persons in the country. Such a comparison is likewise desira- 
ble in those states of the north where there is a large proportion of 
foreign-born persons. A comparison appears in Table IV., where the 
number of eminent persons per one hundred thousand of total popula- 
tion and of native white population is given. 
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TABLE IV 


THE GEOGRAPHICAL AREAS IN WHICH UNUSUALLY HIGH PROPORTIONS OF DIs- 
TINGUISHED PERSONS WERE BORN 




















Distinguished Persons 
, Total Per 100,000 | Per 100,000 
Geographical Area ee Total Native White 
Population Population 
1880 

PONE no PEON Co ictcine oie Rice aks 10,000 19.9 27.1 
NEN ro Fo oo oa cig age wwe le 010 V6 2,311 57.6 72.4 
a 2,974 28.4 35.9 
East North Central. ..................:: 2,225 19.9 24.4 
West North Central... .........ccccccces 542 8.6 10.9 
ae wits wine 1,091 14.2 24.3 
East South Central.................000:: 546 9.8 15.3 
aves, outh Central... ... 0.20. deccccccss 161 4.9 7.8 
i ah spewawwnee 28 4.3 6.0 
(535.5555 SR ee eee eee 122 10.9 16.3 
a a ta a ey gi 219 65.9 75.5 
io 5 seh vee sees cneasko™ 1,123 62.9 85.8 
a i ann le 189 54.5 63.1 
ins oA a din dub0 e000 eves ue 0% 334 53.6 69.2 
a ins scagal 319 49.2 54.3 
SR OR ener 127 45.8 64.8 
Tk i as be che ak 1,778 34.9 46.6 
SR ae ae 941 21.9 26.1 
ae Rit ecedukneuceadn enone 859 26.8 $1.5 
i a a i 41 27.8 37.0 
IEEE Ta nar mene 218 23.3 33.9 
i i 266 17.5 30.7 








The facts appearing in Table IV. do not in any material way change 
the apparent status of New England with respect to the other sections 
of the United States. As regards both the number of eminent persons 
per 100,000 of total population, and of native-born population, New 
England appears far in the lead among the other sections of the country. 
New England’s lead is even more marked when the situation is studied 
in the individual states. The individual states appearing in Table IV. 
are those which showed a proportion of eminent persons higher than that 
for the United States at large. Without a single exception, these states 
are in the northeastern portion of the United States. The list contains 
every one of the New England States, a portion of the Middle Atlantic 
and the East North Central States, and no other state. Furthermore, 
each of the New England States, taken individually, shows a higher pro- 
portion of eminent persons than any other single state, or than any other 
group of states. The supremacy of New England lies, not in any one 
state, or in any one locality, Vermont leads the list; Rhode Island 
brings up the rear; yet the proportion of eminent persons born in Rhode 
Island per 100,000 of total, and of native-white population, is 30 per 
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cent. above New York, the state outside of New England coming next in 
rank, 

There is another test to which the figures may be subjected. There 
may conceivably be some relation between the educational advantages 
offered in cities and the proportion of eminent men developed in any 
population. The champions of environment as the modifying factor in 
life insist that the influences of city life go far to outweigh heredity 
qualities. Therefore, since the northeastern portion of the United States 
was the original center of educational activity, and since it now contains 
the largest proportion of city population, it might well be expected to 
produce the largest proportion of eminent persons. 

There were twenty-seven cities which reported a population of more 
than 20,000 in 1850. A separate tabulation for these gives an excellent 
idea of the proportion of eminent persons born in city and rural districts. 
In passing, it is interesting to note that of these twenty-seven cities, 


4 were in New England, 
10 were in the Middle Atlantic States, 
‘4 were in the East North Central States. 


The other six geographical divisions of states have but nine of the 
twenty-seven cities. 


TABLE V 


EMINENT PERSONS WHO WERE BORN IN THE CITIES OF THE UNITED STATES WHICH 
HAD A POPULATION OF 20,000 OR OVER IN 1850, WITH THE PER CENT. OF 
THE TOTAL POPULATION OF THE UNITED STATES LIVING IN 
THOSE CITIES IN 1850 AND IN 1880 














Eminent Per- 
Time of Birth Total Eminent |sons Born in 27| Per Cent. 

Persons Leading Cities 
RGR PO AUR) 55551 0a Fert ae 0 aio se dd ero sce let eres 2,818 599 21.2 
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During the entire period under consideration, these twenty-seven 
cities contained from one twelfth to one eighth of the population of the 
United States. The proportion of the total population of the United 
States living in these twenty-seven cities was, 


Fee: TED, cas eh sineec cvseensevsceens 8.7 per cent. 
eT re eee 11.2 per cent. 
Te en re ar 12.8 per cent. 
In 1880 


TEITTETITIT TTT TEST TTT Ty 13.1 per cent. 
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These percentages afford a striking contrast to those in Table V. The 
percentage of population living in these twenty-seven cities was never 
more than one seventh of the total population of the United States. 
During this time they reported never less than one fifth of the eminent 
persons born, Whatever the cause of this preponderance of eminent per- 
sons who come from a city environment, the facts are certainly remark- 
able. The cities appear to be far in the lead as producers of eminence. 

There is no absolute correspondence between the proportion of urban 
population and the proportion of eminent persons born.* An analysis 
of the per cent. of population which is urban shows that while New Eng- 
land is far in the lead of the other sections of the country, there are a 
number of states which report a large proportion of eminent persons 
born and a comparatively small proportion of urban population. The 
reverse condition is also true. Rhode Island, with the lowest proportion 
of eminent persons reported by any New England State, has the highest 
percentage of urban population (93.5 per cent.) of any state in the union. 
New Hampshire, with the highest proportion of any New England state, 
has only 38.9 per cent. of the population urban, New Jersey, with a 
percentage of 53.7 urban, reports the lowest proportion of eminent per- 
sons of any state in the Middle Atlantic group. 

Any tendency to attribute the supremacy of New England in the 
proportion of distinguished persons which it has contributed to the pres- 
ence of large urban populations is offset by an examination of the figures 
for the cities themselves. The New England States are in the lead of the 
other states, but the New England cities are not in the lead of cities from 
other sections of the country. Indeed, an examination of Table VI., 
which contains a statement of the total eminent persons per 100,000 of 
the population in 1870 for the various cities, as well as the total born in 
each of the specified decades, shows very clearly that the cities in other 
sections of the country are decidedly in the lead. Boston and Providence 
alone, among the New England cities, have a proportion of eminent per- 
sons higher than that for the United States at large. 

Whatever the cause of New England’s position as the undisputed 


8 PER CENT. OF POPULATION (1880) WHICH IS URBAN IN THOSE SECTIONS AND 
States HAVING THE HIGHEST PERCENTAGE OF EMINENT PERSONS 


Per Cent. 
Division Urban Population 
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ARMM aoc isi, Sis kw ioig-b ies Seles es eo os-0e 49.9 
Og OS ee ee reer 27.5 
AE, ov hwo cnc tencsaseencetsess 18.1 
ek ce cinnne nesses ene ee saebs 15.1 
ESTE CLE OTT TET OE SOT TTE 8.4 
ee TN TINREEL wwe sctcccccscces ae 12.2 
ce eeN sien nescs Khe ecas cpu neond 23.6 
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mother of American greatness, it apparently is not due to the presence 
of a large percentage of urban population. The facts showing urban 
and rural population point in no conclusive direction. 


TABLE VI 


RATIO BETWEEN THE NUMBER OF EMINENT PERSONS BORN IN CERTAIN CITIES AND 


THE POPULATION OF THOSE CITIES 











Geographical Area 1850-1859 1800-1809. i 1870-1879. 
NU EOR I, 6S o.5 6 6.06 sao eee snne noone ce 8.9 7.0 2.6 
OIE NE 65:5 cere. 6 ow iprnlo ain onv8 Wie Sie wit 19.6 15.0 6.2 
Be IRIN 5.5 64 (oso oss 'n 104 odes 9 as wo bak 11.4 8.1 3.1 
Past Orin Centeal . ..... coe vccccccecccecss 9.1 7.8 3.7 
MONIININ fo. 6541555 So) 60d 615 sac tral oa Cale eie ale 39.5 23.9 8.3 
OOo ofa sa05 Saisie 0:ee oa wine deioatas bien 41.2 18.3 1.0 
PANU DE MMMM F627. aa ielals/eVarelarno oale tee 35.6 17.4 9.5 
RON MMRNIMEMDER S200 5 80 ois ais ard es iavu 016 S5eMs org a toro 31.2 21.9 13.6 
RU RRNIRMMMMNN 82a foto ss (ooo ov teva lie si oc eVeiaG@reisteseate 28.6 11.6 “Pf 
ENNIO 6556-5: )570 lo o:6sociesslo°o 6 sipta- aoe Oke oar 24.4 14.1 3.6 
MIRE Te eS aire 5575s 0 'orsic bRiavaie alo stele waist eiels 24.1 20.2 6.1 
Rea MERINO 65 a5 ora ci i oiu bre tere ersias oreo Rie ea 21.1 11.4 5.6 
MORNING Decca cP overs (avn ous ic ew ole asc oso SISa 18.3 14.4 6.3 
Me NIE hf cake 7a ota avo.cealadaverovooste Sino 12.4 14.2 6.0 
MON ree oe a lave (ainretalo hone CRESTS 15.5 10.6 5.9 
REUTER 556 a (aici wine sieiciclovsisiaiae a heieets 14.5 10.8 5.6 
REG ROME oho oso so fo.c 1a ees sare a(S wiviece ohio OK oele ate 14.3 6.4 3.7 
MBM ER eos gr Aico cca tSis tarahe ve totaretarereieielOeie 13.2 10.7 4.2 
PERMA octal cis scat cid bie si Sie oise ie Saale 13.2 9.8 4.7 
CICS. NY: ERS Ree AE Tee Re ory ee a en 11.4 25.8 8.7 
Nes oer ircsisie aici aeices Deora ot os ious ieee 17.9 10.9 7:3 














To guard against the objection that the supremacy of New England 
was due to the inclusion of an undue number of preachers and school 
teachers in the “ Who’s Who” figures, an analysis was prepared of the 
statistics by professions, The 10,000 persons are divided rather evenly 
over the different professions, with the two exceptions of educators and 
lawyers. Table VII, contains the figures for the professions at large. 








TaBLE VII 
NUMBER AND PER CENT. OF EMINENT PERSONS WHO WERE IN CERTAIN 
PROFESSIONS 
Per Cent, 
Profession Number of Total 
TO Te ee Te ee a, fe 1,932 19.3 
I nk ckntixendecexndbanensso keene 1,354 13.6 
PL on. vidanes adultes ebannnawenree 998 9.9 
Public office holders (except Army and Navy). 916 9.2 
BR ci oti ne o ce cbaed ceed ee esieene 908 9.1 
NS. ocr iccubunonss oaseccecscocecseces 732 7.3 
I ba tr occ waste webeta ardals acai ukele einiie 619 6.2 
PI bd ddccenrtadnedaadnewes<shunveeue 614 6.1 
I tnd ces ache biteuseumannenl sees 595 6.0 
ID sk uiics pitidaciecevansascees 430 43 
Miscellaneous ...... Kernan abil ine ecuneaiie 902 9.0 
~ + coichahllailasiun cic dyin asa 100.0 
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The returns do not show on their face any justification for the belief 
that the various professions have been so picked as to militate in favor of 
New England. Indeed, it is apparent that all of the leading professions 
are well represented. Therefore, if New England makes a fair showing 
in a goodly number of the professions, the conclusion may be justifiably 
drawn that New England stands out in specific instances, as well as in 
general, as the producer of eminent persons. 

The figures in Table VIII. contain a statement of the proportion of 
persons in the different professions for each of the geographical divisions 
of the United States. 


TABLE VIII 


PER CENT. OF EMINENT PERSONS IN THE FIVE PROFESSIONS HAVING THE LARGEST 
NUMBER OF NAMES IN ‘‘WHO’S WHO,’’ CLASSIFIED BY PLACE OF 
BIRTH, FOR THOSE SECTIONS HAVING THE HIGHEST NUMBER 
OF EMINENT PERSONS 




















Place of Birth Educa- | Lawyers | Business Ofhee Authors | All Pro- 

tors Men Holders fessions 
SNE a hw ss 6a oases 24.2 wa 26.8 16.9 26.5 23.1 
DROID DtANtG. . 2.0 0c0s000- 25.2 29.8 33.3 20.1 30.7 29.8 
East North Central........... 25.7 22.0 21.6 23.8 21.5 22.2 
West North Central.......... 5.7 4.9 5.1 7.3 5.7 5.5 
South Atlantic... ........c00- 12:7 13.2 7.9 15.4 6.5 10.9 
East South Central........... 5.0 8.2 3.0 9.6 5.4 5.4 
Other Sections. ............. 1.5 4.8 2.3 6.9 3.7 3.1 
100.0 100.0 100.0 100.0 100.0 100.0 

















The supremacy of the northeastern section of the United States is 
again amply demonstrated. Throughout the period under consideration, 
this section of the country has contained less than three fifths of the 
total population.* There is an almost equal percentage of educators in 
the three sections. The Middle Atlantic States lead notably in the per- 
centage of lawyers and business men, while among public office holders, 
authors and all other eminent men, the three sections are on compara- 
tively equal terms, 

The time has now come when the three questions propounded at the 
outset of this paper may be answered with some color of authority. The 
answers are not final, but they are significant in so far as “ Who’s Who” 
is authoritative, 

The answer to question one is clear and unequivocal. “Was there 
ever a time when the number of distinguished men born in New England 
was greater, in proportion to its population, than the production for the 
other sections of the United States?” In the past New England has 

#In 1850 the New England States, the Middle Atlantic States and the East 


North Central States contained 56.7 per cent. of the population; 55.7 per cent. 
in 1860; 55.5 per cent. in 1870. 
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towered head and shoulders above the other sections of the United States 
in her production of eminent persons. Two other sections, the Middle 
Atlantic and the East North Central States, alone approach her record, 
and they lag far behind her pace. 

The second question is not so susceptible of positive answér—* Has 
there been any change in the proportion of distinguished persons con- 
tributed by New England?” Such a change has undoubtedly taken 
place. Until 1880 New England took first rank. Up to that time her 
supremacy can not even be disputed. With that decade, New England 
drops behind the Middle Atlantic States. Whatever the cause of the 
change, the change is itself forcing the New Englander’s lead very hard. 

The third question: “What contribution of distinguished persons 
is now being made by the various sections of the United States?” may 
not be answered in any dogmatic way. New England is evidently con- 
tributing a less high proportion of distinguished persons, The Middle 
Atlantic States, the East North Central States, and the Pacific States are 
striding rapidly to the front. Thus far (the decade of 1880-1889) the 
Middle Atlantic States lead, with New England second, and the East 
North Central States third, 

All the facts at hand point to New England as the one-time birth- 
place of the largest proportion of distinguished persons. The center is 
shifting, however, into New York, Pennsylvania and Ohio. That New 
England once held the palm is a statement that must go without chal- 
lenge. That she can or will continue to hold it seems doubtful. Mean- 
while, of the persons whose names found their way into “ Who’s Who in 
America” an overwhelming proportion seem to have been born in that 
section of the northeastern United States bounded by the Mason and 
Dixon line on the south, and the Mississippi-Missouri River on the west. 
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THE ROLE OF SEX IN THE EVOLUTION OF MIND 


By Prorzssor S. J. HOLMES 
THD UNIVERSITY OF CALIFORNIA 


ae reason for the existence of sex is one of those biological problems 
which has long perplexed the scientific world, and to-day its solu- 
tion seems as remote as it did a century ago. Many remarkable dis- 
coveries have been made in regard to the microscopic structure and 
development of the germ cells. We have learned much of the general 
biology of sex, and the probable evolution of sex in the organic world. 
And substantial progress has been made in respect to the old problem 
of the determination of sex. But to the question, Why came there to be 
two sexes at all? or, in other words, Why did not organisms continue 
to reproduce asexually as it is probable they once did? we can only offer 
answers that, at best, are very hypothetical. The bacteria and the blue- 
green alge, so far as careful investigation has yet ascertained, reproduce 
exclusively by the asexual method, usually by fission or the formation 
of spores. But among the higher plants and in nearly all animals we 
find the existence of two sexes of very general occurrence. While the 
fact that sex is absent in the lowest forms of life indicates that evolu- 
has proceeded, at least a certain distance, without its aid, and suggests 
the possibility of the evolution of sexless forms of a high degree of 
organization, yet the general prevalence of sex in all but the most primi- 
tive organisms points to the conclusion that sex has played a funda- 
mental réle in the evolution of the organic world. There are many 
theories as to the part which sex has played, but the profound disagree- 
ment among several of these which have secured the widest following is 
significant of how little is positively established in regard to this subject. 
While the cause of the development of sex may remain obscure, it is 
not difficult to point out some of its consequences, although it would be 
- futile to attempt a very accurate picture of what the organic world would 
be had sex never been evolved. Even if the processes of variation and 
selection had gone on to the same extent—which is scarcely probable— 
the absence of sex would have given a very different direction to evolu- 
tion from that which was actually followed. Many of the most complex 
structural arrangements of organisms have especial reference to the 
union of the germ cells. The color and scent of flowers, and their many 
and beautiful adaptations to secure cross fertilization would never have 
appeared if plants were propagated exclusively by the asexual method, 
- and this would doubtless have entailed more or less extensive changes 
in other parts of the organism. In animals the structural peculiarities 
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associated with sex are as a rule among the most complex features of 
the body. Some animals, to be sure, simply discharge their sex cells 
into the water, leaving their union to chance, but in the majority of 
cases, especially in higher forms, there exist elaborate mechanisms to 
insure the meeting of these cells. Correlated with these structures we 
find mating instincts which frequently manifest themselves in complex 
modes of behavior. More acute senses have been evolved in many cases 
very largely for effecting the meeting of the sexes. The large antenne 
of male moths, the large eyes of the common drone bee, and the audi- 
tory apparatus of the male mosquito are a few of the countless illustra- 
tions of this fact. The various apparatus in insects for making sounds 
which are found in crickets, locusts, cicadas, etc., are devices for secur- 
ing the meeting of the sexes, and the complementary development of 
the auditory apparatus in the same insects has doubtless been furthered 
through the evolution of these structures. 

‘Much of the elaborate organizations of the imago stage of insects has 
reference, directly or indirectly, to activities concerned in mating and 
depositing the eggs in the proper environment for the development of 
the young. There is a relatively long larval or nymphal period chiefly 
devoted to the vegetative functions of assimilating nutriment and 
growth; in many cases the imago takes no food, or need take none, 
before the eggs are fertilized and laid; and in several species the mouth 
parts have become so completely atrophied that food taking is impos- 
sible. Mating not infrequently occurs soon after the insects emerge 
from the pupal covering. In the may-flies, which live but a short time 
in the winged state, in order to mate and deposit their eggs it is prob- 
able that the imago stage would long ago have disappeared were it not 
retained as a means of effecting the union of the sexes. The same is 
doubtless true of many other insects. The activities of the imago state, 
broadly speaking, are primarily altruistic; they are concerned mainly 
with the welfare of other members of the species. They are also expen- 
sive. In the winged state numerous new enemies are encountered and 
many lives are lost. In the pupa stage which prepares for it there is 
commonly an extensive tearing down of old structures and the building 
up of new ones, during which the insect is helpless against many enemies. 

Mating activities are almost everywhere among the most complex per- 
formances of an animal’s life. The opposite sex must be distinguished 
from all other creatures and responded to accordingly. Often pursuit and 
capture or winning over are the necessary preliminaries to sexual union. 
All this puts a premium, so to speak, on the sharpening of the senses, 
the development of strength and activity, and the evolution of the 
higher psychical qualities. Consider the mating activities of crustaceans, 
the courtship of spiders, the breeding habits of fishes, and still more 
the elaborate wooing of male birds, and it will become manifest how 
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greatly the institution of sex has stimulated the evolution of complex 
modes of behavior. 

All the facts here cited are trite enough, even to the non-biological 
reader. But while it is sufficiently evident that the differentiation of 
the sexes has promoted the development of behavior in relation to mat- 
ing, it may be well to point out the enormous indirect consequences of 
this development in respect to the evolution of mind in general. In the 
evolution of behavior one kind of instinct grows out of another just as 
new organs are usually formed through the elaboration of some pre- 
existing structure. A general elaboration of instinctive reactions in 
regard to any one sphere of activity affords, therefore, a basis for the 
differentiation of more complex and specialized behavior in respect to 
other activities. ‘To take a concrete illustration: The primary function 
of the voice in the vertebrates was to serve as a sex call, as is now its 
exclusive function among the Amphibia. Later and secondarily it came 
to be employed in relation to the protection of the young (through 
various instinctive ealls) and as a means of communication with other 
members of the species. Finally in man it afforded the means of articu- 
late language. It is not improbable, therefore, that the evolution of the 
voice, with all its tremendous consequences with respect to the evolu- 
tion of mind, is an outgrowth of the diffetentiation of sex. Were it not 
for its value in effecting the mating of the lower vertebrates the voice 
might never have been evolved and man never have become man. 

While the specialization of senses which in certain cases at least has 
been carried on mainly for sexual purposes has doubtless afforded the 
basis for the elaboration of many instincts, it is practically impossible 
to’ trace in detail how various instincts, sexual and other, have acted 
and reacted on one another’s development. But we can discern enough 
of the influence of sex differentiation on the evolution of behavior to 
feel assured of its importance. The necessity for solving the one 
problem that confronts all dicecious animals which do not simply shed 
their sexual products at random into the water, has tended to keep 
behavior in one sphere up to a certain minimum standard. The male 
must find and impregnate the female, and this fact sets a certain limit 
to his degeneration, at least in some period of his life, because any 
further degeneration would involve fundamental ‘changes in the method 
of reproduction which may not be possible. But besides acting as a 
check to degeneration, the necessity for mating has in general been a 
constant force making for the evolution of activity, enterprise, acuity of 
sense, prowess in battle, and the higher psychic powers. One can not 
pretend, except in the most general terms, to gauge its réle in the 
evolution of mind, but it has evidently been a factor of enormous 
potency. 
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THE MARINE BIOLOGICAL 
LABORATORY 


Louis Agassiz éstablished in 1873 a 
- marine biological laboratory on the Is- 

land of Penikese in Buzzard’s Bay, 
south of Wood’s Hole. Following his 
death the school was abandoned, but 
the plan was renewed in 1880 by the 
establishment of a ‘seaside laboratory 
at Annisquam, in which Alpheus Hyati 
was especially active.. In 1888, the lab- 
oratory was reorganized and placed at 
Wood’s Hole, where Spencer Baird had 
in 1881 established the marine labora- 
tory of the U. S. Fish Commission. 
The natural advantages of fauna, cli- 
mate and accessibility make Wood’s 
Hole an ideal situation, and under the 
direction of C. O. Whitman a group of 
investigators gathered there in the sum- 
mer who made the laboratory the chief 
center of biological research in this 
country and elsewhere only rivaled by 
Naples. 
Professor Frank R. Lillie, of the Uni- 
versity of Chicago, was made director, 
and later Professor Gilman A. Drew be- 
came assistant director, residing perma- 
nently at Wood’s Hole. The labora- 
tory has continued to grow in size and 
influence until last year there were 122 
investigators and 69 students at work. 
If they were paid for their investigs- 
tions at the rate other research institu- 
tions pay the cost would be more than 
half a million dollars a year. 

As a matter of fact the laboratory 
has been conducted practically without 
enduwment and with the simplest 
buildings and equipment. Some thirty 
universities and other institutions have 
cooperated in a modest way, but the 
work of the laboratory has been essen- 
tially a contribution of the biologists 
working there. There was urgent need 
of a fire-proof building that could re- 
main open in the winter, and this has 





After the death of Whitman, | 
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now been provided by Mr. Charles R. 
Crane, of Chicago, who in recent years 
has been the generous and sympathetic 
patron of the laboratory. 

The building, an illustration of which 
is here shown, was planned by Mr. 
Charles Coolidge, of Boston, his de- 
signs being a gift to the laboratory, of 
which he has long been a trustee. The 
detailed arrangements are the result ot 
much study with the help of many biol- 
ogists and other laboratory men, and 
they have been admirably carried out 
by the assistant director, Dr. Drew. 
The building—50 X 90 feet—is con- 
structed of tapestry brick with wide 
joints resting on a granite foundation, 
and trimmed with gray stone. It faces 
south on the Wood’s Hole Harbor, 
about 150 feet away. The basement 
contains the chemical-supply room, 
| janitor’s quarters, heating plant, pack- 
| ing room and toilets. The first floor is 
divided into research rooms for zoology 
and physiology. A library with shelv- 
ing for 20,000 volumes occupies the 
south half of the second floor with ac- 
cession and storage rooms. The re- 
mainder of the floor and the third floor 
| are occupied by research rooms. The 
\roof carries a tank house with two tanks 
|for salt water of 10,000 gallons each. 
| The entire interior construction is of 
| steel and reinforced concrete, with par- 
titions of tile and granolithie floors, 
completely fire-proof. 

The salt-water circulation is driven 
by electric automatically controlled . 
motors, which open into two hard rub- 
ber pumps with a daily capacity of 75,- 
000 gallons each. A gasolene engine 's 
held in reserve in case of breakdown of 
the electric power service. The pipes 
and valves are all of lead, so that me- 
tallie contamination of the water can’ 
not possibly occur; the harbor water is 
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NEW BUILDING OF THE MARINE BIOLOGICAL LABORATORY. 


of exceptional purity, owing to the | 7HE ST. PAUL MEETING OF THE 
strong tidal currents. NATIONAL EDUCATIONAL 
Each research room has a cement ASSOCIATION 


floor tank 5 X 3 feet, with a cemert So far as can be gathered from the 
water table above, heavy birch tables | meager despatches from St. Paul, the re- 
surrounding the outside walls on which | cent meeting of the National Educational 
they are carried on iron brackets; | Association was successful in attendance 
gas and electricity for lighting or | and in programs and maintained the pro- 
power, automatic telephone service to gressive policies which have gained as- 
‘all other rooms in the building and to cendaney in recent years. It will be re- 
other buildings, steel shelving, fresn- |™embered that the so-called ‘‘oid 
water sink, etc. guard’’ was definitely defeated in Bos- 
The dedication exercises took place ton, when the official nomination to the 
presidency of Mr. Z. X. Snyder, presi- 
dent of the Colorado Normal School, 
was superseded by the election of Mrs. 
Ella Flagg Young, superintendent 9f 
the Chicago Schools. The New York 

The laboratory steamer took out a 


Evening Post: says editorially that it is 
dredging party. Lunch was served to | d y 


,‘fastounding’’ and ‘‘wholly unex- 


about 600 guests in the laboratory | pected’” that the association should 


mess. The afternoon exercises were | vote in favor of the right of suffrage 
held in a large tent, with music by the | ¢oy women, but a similar resolution was 
Russian Balalaika Orchestra from New | passed unanimously at Chicago two 
York: Mr. Crane presided and three | years ago. 

short addresses were made by Professor Among other principles and policies 
Lillie, Professor Conklin and Dr. Hugh | commonplaces or radical innovations 
M. Smith, the U. S. Fish Commissioner, | ij) accordance with one’s point of view 
followed by an address on ‘‘The Needs | —which the association has favored are 
of Research,’’ by Dr. R. S. Woodward, | increased powers for the National Bu- 
“president of the Carnegie Institution. | reau of Education and the establish- 


on July 10, and occupied the entire day. 
‘In the morning all the buildings were 
open for inspection and parties of visi- 
tors were conducted through by guides. 
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ONE OF THE OLD BUILDINGS OF THE MARINE BIOLOGICAL LABORATORY. 


ment of a national university; increased | and the General Education Board and in 


national support of instruction in agri- 
culture and domestic economy, such as 
congress has provided in this session; 
federal legislation in regard to child 
labor, marriage and divorce; for in- 
struction favoring international good 
will and against military training in 
the schools; the use of the public 
school houses and grounds as social and 
recreation centers for the community; 
school district parks with instruction in 
gardening; vocational training and vo- 
cational guidance; instruction in sex 
hygiene in normal schools, but not in 
public schools, and the acceptance by 
the college of the education supplied by 
the high school. The association is nat- 
urally in favor of increased salaries for 
teachers and it endorses equal pay for 
equal work by men and women. 

This year a resolution was passed con- 


demning the activities of the General | 


Education Board and the Carnegie 
Foundation for the Advancement of 
Teaching. Like the recent action of 
congress in forbidding cooperation be- 
tween the Department of Agriculture 








refusing a charter to Mr. Rockefeller’s 
new foundation, this may in part be due 
to antagonism to men whose names have 
been associated with business methods 
and results which are no longer. -ap- 
proved. But there is a. wide-spread 
aversion to the meddling of these corpo- 
rations with public education, or even {o 
their dictating policies to other endowed 
institutions. 

There was elected as president of the 
association for the next year, Dr. David 
Starr Jordan, from its establishment 
president arid now chancellor of Stan- 
ford University, distinguished equally 
for his work in science, in education and 
for social progress. 


MAJOR LEONARD DARWIN’S AD- 
DRESS BEFORE THE EUGEN- 
ICS EDUCATION 
SOCIETY 


In his address as president of the 
British Eugenics Education Society 
given at the annual meeting held m 
London on July 2, Major Darwin said 
that as citizens they must aid in the 














Dr. Davip STARR JORDAN, 
Chancellor of Leland Stanford Junior University, President of the National Educa- 
tion Association. 
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cure of the sick and in the alleviation of 
the destitute even though they saw that 
the multiplication of the less desirable 
types of humanity might thus be en- 
couraged. One consideration, however, 
made them hope that eugenic advan- 
tages would not infrequently spring from 
reforms intended to affect human sur- 
roundings. The philanthropist’s efforts 
resulted in the more easily cured or re- 
formed being separated out from those 
less amenable to environmental influ- 
ences. As social reform proceeded, and 


as the unfit were thus more and more, 


clearly marked out from the nation at 
large, the numbers to be considered 
with reference to eugenic reform would 
be proportionately diminished, and ra- 
cial progress would thus be facilitated. 
Social reforms producing these eugenic 
by-products must be utilized, as for ex- 
ample the proposed changes in the treat- 
ment of the habitual criminal. Im- 
provement in environment would, no 
doubt, cause a diminution in crime, but 
a remnant of habitual criminals would 
remain, whose strong natural tendencies, 
being subject to the laws of natural in- 
heritance, would infallibly tend to reap- 
pear in their descendants. To lessen 
their fertility seemed, therefore, within 
the scope of eugenic reform. Crime had 
a marked tendency to run in families. 
Individuals endowed with those nat- 
ural qualities, mental or physical, which 
render resistance to crime more than 
ordinarily difficult, are often brought 
into bad surroundings, mental or phys- 
ical; this bad environment reacted on 
them, dragging them down in body and 
mind, and this action and reaction con- 
tinuing either in the individual or gen- 
eration after generation, the final resul- 
tant of these forces often was a long 
series of short imprisonments. The 
aim of the social reformer was, when 
possible, to break the vicious circle by 
at once removing the link of bad en- 
vironment; whilst the eugenist would at 
the same time also strive to strengthen 
the innate characters of the individuals 
composing the coming generations. 
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This latter result might be obtained by 
selective breeding. 

A study of criminal family statistics 
surely must make the believer in en- 
vironmental effects demand the segrega- 
tion of the criminal-parent, both to safe- 
guard the lives of those children who 
have been born into foul surroundings 
and to lessen the numbers of those chil- 
dren who would be born to face the per- 
ils thus arising. In short that seemed 
to be the right policy to adopt from 
whatever direction they approached this 
subject. 

Much would have to be done before 
the machinery established under the 
mental deficiency act would produce the 
best possible results, and unquestionably 
this was the field to which the eugenist 
could now most usefully turn his atten- 
tion. They could not form any trust- 
worthy estimate of the number of crim- 
inals who would be dealt with under the 
provisions of the act, and they would 
sooner or later be driven to enquire 
whether some steps ought not to be 
taken with regard to the remainder of 
their habitual criminal population. If 
he could only be proved to be either very 
stupid, very weak or utterly worthless, 
was the man who committed crime after 
crime to be allowed to go on breeding 
freely? Few who had studied these 
questions with care had any doubt that 
habitual criminals ought to be detained 
for longer periods than at present, 
whilst every effort should be made to 
make that detention more curative in 
its effects. 

The foregoing considerations had led 
many criminologists to advocate the sys- 
tem of ‘‘indeterminate sentences’’ in 
the case of habitual criminals. A re- 
form much more easily obtainable, and 
one which the eugenist ought to en- 
deavor to promote, would be the amend- 
ment of the prevention of crimes act in 
such a manner as to make it more readily 
applicable to the man of many minor of- 
fences. This act could easily be 
amended so as to make it easier to in- 
crease the periods of detention of those 
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thousands of unfortunate persons who | Reynolds Green, F.R.S., known for his 
possessed defects of character which | researches in plant physiology, and of 
drove them whenever free to a life of | Professor Hugo Kronecker, of Berlin, 
crime and made them an intolerable | distinguished for his contributions to 
nuisance to society—defects which | physiology. 

would inevitably reappear to some ex- | 


| i i- 
tent in their descendants if they had | Re the weomnt pasting of the Ameri 


any. If they could get the paramount | can Medical Association, its gold medal 


racial duty which they owed to posterity | shige DORrenes se Slangin Semaee Wi 
ae apa | liam Crawford Gorgas, who has also re- 
incorporated as an essential part of the. 

; | ceived honorary doctorates of laws from 

moral code of the nation, then they | _. " a 
would be on'the high road to success. | Princeton and Yale Universities.—The 
‘degree of LL.D. was bestowed by the 
SCIENTIFIC ITEMS | University of California on commence- 
- . ;ment day on Eugene Woldemar Hil- 
ee record ig regret the death of | (214, from 1874 to 1906 professor of 
r. Frederick W. True, assistant direc: | 5 ieulture and dean of the College of 
tor of the Smithsonian Institutioa, Agriculture; on George Holmes Howi- 


known for his contributions to zoology, | son, Mills professor of intellectual and 


especially of the Cetacea; of Professor | moral polity from 1884 to 1909. 
Seth Eugene Meek, assistant curator of | 


zoology at the Field Museum of Natural| Mrs. Morris K. JEsupP, who died on 
History, Chicago, who was an authority June 17, bequeathed $5,000,000 to the 
on fishes and reptiles; of Dr. Rupert | American Museum of Natural History 
Norton, assistant superintendent of the | and made other bequests to public in- 
Johns Hopkins Hospital; of Dr. Joseph (stitutions amounting to $3,450,000. 














